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This  refiort  summarizes:  3  years  of  field  studies  at  Lake  Wallula, 

Washi ngton-Oregon  (McNary  Reservoir),  for  the  purpose  of  identifying  plant 
species  and  revegetation  techniques  adaptable  to  reservoir  shorelines  within 
the  U.S  Army  Engineer  Districts,  Portland  and  Walla  Walla.  The  approach  used 
was  to  subjett'  t  ra  nsp  1  a  n  t  t:d  vege  ta  t  i  onw,t  o  various  inundation  treatments  and 
to  evaluate  survival  and  growth  responses.  The  experimental  design  included 
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20^^BSTRACT  (Continued). 

'"plantings  in  a  subimpoundment  in  which  water  levels  were  controlled,  and  on 
two  shoreline  sites  (a  mudflat  and  a  sandy  beach).  Twenty-nine  native  and 
naturalized  riparian  species  were  tested. 

In  the  controlled  impoundment  test  site,  willows  (Saiix  fragilis  and 
Salix  purpurea) ,  dwarf  spikerush  (Eleacharis  coloradoensis) ,  and  two  sedges 
(Carex  obnupta  and  C.  rostrata)  were  the  most  successful  species.  Inundation 
depth  and  duration  were  found  to  directly  affect  performance  of  the  tested 
plant  species.  The  impact  of  weather  and  wildlife  confounded  treatment  ef¬ 
fects  on  plant  growth  and  survival  at  the  shoreline  sites.  Only  softstem 
bulrush  (Scirpus  validus)  survived  all  inundation  treatments  on  the  shore¬ 
line  for  the  duration  of  the  study.  •  •  - 

Results  of  this  study  show  that  several  species  have  a  potential  for 
use  in  shoreline  revegetation  efforts.  Environmental  constraints  other  than 
flooding  effects  were  identified,  .but  means  to  mitigate  their  influence  will 
require  further  study.  The  information  gathered  in  this  study  is  applicable 
to  other  shoreline  sites  on  power  production  reservoirs  in  the  region. 
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PREFACE 

This  report  was  prepared  as  part  of  the  Environmental  and  Water 
Quality  Operational  Studies  (EWQOS)  Program,  Task  IIE.l,  "The  Environ¬ 
mental  Effects  of  Fluctuating  Reservoir  Water  Levels."  The  EWQOS  Pro¬ 
gram  Is  sponsored  by  the  Office,  Chief  of  Engineers  (OCE) ,  and  is 
assigned  to  the  US  Army  Engineer  Waterways  Experiment  Station  (WES), 
under  the  purview  of  the  Environmental  Laboratory  (EL) .  The  OCE  Techni¬ 
cal  Monitors  were  Mr.  Earl  Eiker,  Dr.  John  Bushman,  and  Mr.  James  L. 
Gottesman.  Dr.  J.  L.  Mahloch  was  the  WES  Program  Manager  of  EWQOS. 

The  report  was  written  by  Dr.  R.  D.  Comes  and  Mr.  Timothy  McCreary 
of  the  US  Department  of  Agriculture  (USDA),  Agricultural  Research  Ser¬ 
vice  (ARS) ,  Prosser,  Wash.,  and  was  submitted  in  fulfillment  of  a  cooper¬ 
ative  agreement  among  the  USDA;  the  US  Department  of  the  Interior,  Fish 
and  Wildlife  Service;  and  the  WES.  The  ARS  conducted  the  research  in 
cooperation  with  the  Washington  State  University  Irrigated  Agriculture 
Research  and  Extension  Center,  Prosser,  Wash. 

The  original  concept  for  this  research  was  developed  by  Mr.  Hollis 
Allen  of  the  Wetlands  and  Terrestrial  Habitat  Group  (WTHG),  EL. 

Mr.  Allen,  Mr.  Charles  V.  Kllmas,  and  Dr.  Stephen  G.  Shetron,  WTHG,  re¬ 
vised  the  manuscript.  Mr.  Darrel  Sunday,  Natural  Resource  Manager,  Lake 
Wallula  Project,  US  Army  Engineer  District,  Walla  Walla,  provided  valu¬ 
able  assistance  during  the  conduct  of  the  study.  Ms.  Jessica  S.  Ruff  of 
the  WES  Publications  and  Graphic  Arts  Division  edited  the  report. 

The  work  was  conducted  under  the  direct  svipervision  of  Mr.  Allen 
and  Dr.  Hanley  K.  Smith,  Chief,  WTHG,  and  under  the  general  supervision 
of  Dr.  Conrad  J.  Kirby,  Jr.,  Chief,  Environmental  Resources  Division, 
and  Dr.  John  Harrison,  Chief,  EL. 

COL  Allen  F.  Grum,  USA,  was  Director  of  WES  and  Dr.  Robert  W. 

Whalin  was  Technical  Director. 

This  report  should  be  cited  as  follows: 

Comes,  R.  D. ,  and  McCreary,  Timothy.  1986.  "Approaches  to 

Revegetate  Shorelines  at  Lake  Wallula  on  the  Columbia  River, 

Washington-Oregon , "  Technical  Report  E-8b-2 ,  US  Army  Engineer 

Waterways  Experiment  Station,  Vicksburg,  Miss. 
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CONVERSION  FACTORS,  NON-SI  TO  SI  (METRIC) 
UNITS  OF  MEASUREMENT 


Non-Sl  units  of  measurement 

(metric)  units  as  follows: 

Multiply 

used  in  this  report 

By 

can  be  converted  to  SI 

To  Obtain 

acres 

4046. 873 

square  metres 

feet 

0.3048 

met  res 

feet  per  hour 

0 . 3048 

metres  per  hour 

i nrhes 

2.1)4 

centimetres 

miles  (US  statute') 

1.609347 

kilometres 

pounds  (mass)  per  acre 

0.0001 12 

kilograms  per  square 
met  re 

square  miles 

2.589998 

square  kilometres 
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APPROACHES  TO  KK VEGETATE  SHORELINES  AT  LAKE  WALLULA  ON  THE 
COLUMBIA  RIVER,  WASH! NGTON- OREGON 

PART  1 :  INTRODUCTION 

Background 

1.  From  June  1979  to  July  1982,  personnel  of  the  US  Army  Engi¬ 
neer  Waterways  Experiment  Station;  the  US  Department  of  the  Interior, 
Fish  ainl  Wildlife  Service,  Biological  Services;  and  the  US  Department 
of  Agriculture  (USDA),  Agricultural  Research  Service,  conducted  a 
field  study  to  identify  plants  suitable  for  revegetating  denuded  draw¬ 
down  zones  along  the  shoreline  of  Lake  Wallula  (McNary  Reservoir)  on 
the  Columbia  River.  i'hese  areas  are  often  unsightly,  are  conducive 

to  accelerated  bank  erosion,  and  are  often  much  less  valuable  as  fish 
and  wildlife  habitat  than  vegetated  shorelines. 

2.  Ten  woody  and  19  herbaceous  species  that  were  native  or 
naturalized  in  the  area  were  evaluated  at  three  experimental  sites 
established  on  the  Oregon  shore.  The  primary  site  was  in  the  McNary 
Wildlife  Park,  where  an  impoundment  was  constructed  that  permitted 
precise  control  of  the  depth  and  duration  of  inundation.  Two  sites 
were  along  the  shoreline  of  Lake  Wallula;  one  was  on  a  shallow  mud- 
flat  and  the  other  was  on  a  sand  beach.  Depth  and  duration  of  inunda¬ 
tion  at  the  shoreline  sites  were  variable,  since  water  levels  of  the 
lake  are  dictated  by  power,  flood  control,  navigation,  and  fisheries 
needs . 


Study  _Aj^ea 

3.  Lake  Wallula  was  formed  in  1957  following  completion  of 
McNary  Lock  and  Dam,  a  Corps  of  Engineers  project  operated  primarily 
for  the  production  of  hydroelectric  power.  The  dam  is  located  at 
river  mile  292  on  the  Columbia  River,  which,  in  this  area,  forms  the 
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boundary  between  Washington  and  Oregon.  At  normal  pool  elevation, 

340  ft*  msl,  the  lake  covers  38,000  acres  and  has  a  shoreline  of 
242  miles,  extending  into  Umatilla  County,  Oregon,  and  Benton,  Franklin, 
and  Walla  Walla  Counties,  Washington.  The  reservoir  drains  an  area  of 
approximately  215,000  square  miles  (US  Army  Corps  of  Engineers  (USAGE) 
1975).  Figure  1  is  a  regional  map  showing  the  location  of  Lake  Wallula. 
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Figure  1.  Regional  map 


4.  A  continental  climate  predominates  in  the  study  area,  with 
wide  daily  and  seasonal  temperature  fluctuations.  Annual  precipitation 
for  the  region  is  in  tlie  10-  to  20-in.  range,  although  average  annual 
precipitation  at  Umatilla,  Oreg.  (ntrar  McNary  Dam),  is  only  7.83  in. 
Most  of  the  regional  precipitation  (55  to  75  percent)  falls  between 
1  October  and  31  March  and  consists  primarily  of  snow  (Oregon  Coopera¬ 
tive  Wildlife  Research  1976). 

*  A  table  of  factors  for  converting  non-SI  units  of  measurement  to 
Si  (metric)  units  is  presented  on  page  3. 
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5.  The  geology  of  the  study  area  is  dominated  by  relatively 
recent  formations,  most  notably  the  dark  gray,  fine-grained  Columbia 
River  basalt.  Soils  of  the  region  are  variable,  although  they  are 
generally  derived  from  alluvial  materials  and  do  not  exhibit  complex 
profile  development. 

6.  The  McNary  Dam  area  is  in  the  Artemesia  tridentata  -  Festuca 
vegetation  zone  of  the  steppe  region  of  eastern  Washington  and  Oregon 
(Franklin  and  Dyrness  1973).  Vegetation  near  the  dam  is  of  two  distinct 
physiognomic  types:  steppe  (or  shrub-steppe)  and  riparian  (riverbank) 
vegetation,  which  includes  .arboreal  species  (USAGE  1975).  The  arid 
steppe  vegetation  is  typical  for  the  region  and  is  characterized  by  a 
conspicuous  shrub  stratum  including  Artemisia  tridentata,  Purshia  tri¬ 
dentata,  Atriplex  spinosa,  and  species  of  Chrysothamnus .  The  riparian 
vegetation  is  dominated  by  Populus  trichocarpa,  Populus  deltoides, 
ElaeagivJis  angusti  folia ,  and  species  of  Salix.  Other  woody  plants  in¬ 
clude  Morus  alba,  Ribes  aureum,  and  spe(i<>s  of  Rosa.  Herbs  and  grasses 
foul'd  near  the  water's  edge  include  species  of  Carex,  Juncus,  Typha, 
Scirpus,  Polygonum,  .and  Phalaris  (USAiK  1975). 
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PART  II:  METHODS  AND  MATERIALS 


Site  Preparation 


A  A  V. 
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7.  I ti  1979,  three  field  sites  were  established  on  the  Oregon 
shore  of  the  Columbia  River.  Two  of  these  sites  were  within  the  fluc¬ 
tuation  zone  of  the  river:  one  on  a  protected  mudflat  at  river  mile  299 
(Cold  Springs)  and  the  other  on  an  exposed  sandy  beach  at  river  mile  301 
(Bobbie's  Beach).  The  third  site  (Control  Pool)  was  in  a  subimpoundment 
located  in  the  southeast  corner  of  the  McNary  Wildlife  Park  at  river 
mile  291.  The  Control  Pool  was  constructed  to  permit  precise  and  con¬ 
sistent  automated  inundatioti  treatment. 

8.  Composited  soil  samples  from  each  site  were  analyzed  to  deter¬ 
mine  fertilizer  requirements  (Table  1).  The  prescribed  materials  (in¬ 
cluding  a  slow-release  fertilizer)  were  applied  with  a  centrifugal 
sprt'ader,  except  for  boron  at  Bobbie's  Beach,  which  was  applied  as  an 
aqueous  sj'ray.  Fertilizer  was  incorporated  by  hand  raking  on  the  shore¬ 
line  sites  and  by  rototilling  at  the  control  pool. 

Table  1 

Fertj^l i zer  Recommendations  by  Site  for  the  1979  Growing  Season 


_  Locat^i_on 
Control  Pool 


Kate 
1 b/ac  re 


Bobbie's  Beach 


Cold  Springs 


_ _ Ferti  1  izer  _ _ 

18-6-12  (Osmocote) 

ZnSO, 

A 

B  (Solnbor) 

0-A5-0  (Triple  Super  Phosphate) 

18-6-12  (Osmocote) 

B  (Solubor) 

0-45-0  (Triple  Super  Phosphate) 
18-6-12  (Osmocote) 


9.  Plots  wer»-  estiblished  at  three  or  four  elevation  contours 
(tiers)  at  each  expc'r  i  riienl  a  I  site,  as  given  in  Table  2.  The  fluctuation 
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Table  2 

Inundation  Data  for  the  Three  Experimental  Sites  -  L ake  Wallula 


Elevation 

Depth  of  Maximum 

Control  Pool 

ft  ms  1 

Inundation,  ft 

Tier  1  (Tl) 

-- 

4.5 

Tier  2  (T21 

-- 

3.0 

Tier  3  (T3) 

-- 

1.5 

Tier  4  (T4) 

-- 

0 

Bobbie's  Beach 

Tier  1  (Tl) 

338 

2 

Tier  2  (T2) 

339 

1 

Tier  3  (T3) 

340 

0 

Cold  Springs 

Tier  1  (Tl) 

337.S 

2.5 

Tier  2  (T2) 

337. 75 

2.25 

Tier  3  (T3) 

338 

2 

limits  of  t he  Lake 

Wallula  forebay  are  335 

to  340  ft  msl.  Thus,  the 

plots  at  Bobbie's 

Beach  planted  at  contour 

340  were  not  inundated. 

Fluctuation  limits  at  the  control  pool  were  controlled  so  that  the  u})per 
tier  (Tier  4)  was  not  inundated  (Table  2). 

Plant  Procurement 

10.  The  native  or  naturalized  species  listed  in  Table  3  were  col¬ 
lected  from  sites  throughout  Oregon  or  obtained  from  commercial  or  re- 
se.irch  nurseries  in  New  York  (Salix  purpurea  var.  nana)  or  Montana 
(Robinia,  Ribes,  Sambucus,  Cornus,  Elaeagnus).  Two  herbaceous  species 
were  procured  the  preceding  fall  and  kept  in  pots  at  a  nursery  in 
Florerue,  Oreg.,  during  the  winter  and  until  they  were  needed  for  plant¬ 
ing  (Eleocharis  ovata  and  Trifolium  wormskjoldii) .  Starter  plants  of 
dwarf  spikeriisti  (Eleocharis  coloradoensis)  were  jirovided  by  USDA  re¬ 
searchers  at  the  I'liiversity  of  ti.i  I  i  f  o  rn  i  .1  ,  Davis,  and  multiplied  in  the 
IISDA  greenhouse  at  Prossi’i,  Wash.,  until  ne<’ded .  The  remaining  specie.s 
were  procured  f  i  oni  v.irious  Oregon  sites  in  early  sjiriiig  and  brought 
directly  to  the  pl.iriling  site. 


M.  JU 


•  '  •  *  V-  - 

mm. 


m  m 


:m£. 


, 


jr 


Table  3 

List  of  the  Plant  Species  and  Year  Planted  at  the  Coiit.ro]  Pool  and 
Lake  Wallula  Shoreline  Sites 


_ Herbaceous _ 

1979 

Carex  aperta 
Carex  nebraskensis 
Carex  obnupta 
Carex  rostrata 
Carex  vulpinoidea 
Deschampsia  caespitosa 
Eleocbaris  coloradaensis 
Eleocharis  ovata 
Eleocbaris  palustris 
Juncus  balticus 
Juncus  effusus 
Scirpus  americanus 
Scirpus  validus 
Typha  latifolia 
Trifoliwn  wormskjoldii 

1980-'- 

Carex  lyngbyei 
Carex  sheldonii 
Polygonum  persicaria 
Sagittaria  latifolia 


_ Woody _ 

1979 

Elaeagnus  angusti folia 

Morus  alba 

Ribes  aureum 

Robinia  pseudoacacia 

Rosa  multi  flora 

Salix  fragilis 

Salix  lasiandra 

Salix  purpurea  vat.  nana 

Sambucus  cerulea 


1980-'-" 

Cornus  stolonifera 
Salix  fragilis 
Salix  purpurea 


Planted  only  at  Cold  Springs  (shoreline). 

C.  stolonifera  planted  at  Control  Pool  and  Cold  Springs;  Salix 
species  planted  at  Cold  Springs  only. 
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Experimental  Design 


11.  Design  of  each  experiment  was  a  complete  randomized  block 
with  four  replications  of  each  species  on  each  contour  (tier).  Woody 
and  herbaceous  species  were  not  mixed  In  the  design.  The  experiment  was 
repeated  on  the  north  and  south  shores  of  the  control  pool.  Thus,  there 
were  four  replications  on  each  bank,  and  data  presented  In  this  report 
are  an  average  of  those  eight  replications.  The  same  plant  species  were 
used  at  each  site  (exceptions  noted  In  Table  3),  although  the  randomiza¬ 
tions  of  blocks  and  plots  within  blocks  were  changed  for  each  site. 

Each  woody  block  contained  eleven  1.5-  by  2.4-m  plots  with  12  plants  per 
plot  on  0.6-m  centers.  Herbaceous  blocks  contained  sixteen  0.4-  by 
1.2-m  plots  with  10  plants  per  plot  on  20-cm  centers.  An  alleyway, 

60  cm  wide,  was  left  between  plots  to  serve  as  a  walkway  and  as  a  buffer 
zone  between  species. 

Planting 

12.  Due  to  delays  in  site  preparation  and  access,  planting  that 
had  been  scheduled  to  begin  in  late  April  or  early  May  1979  was  delayed 
until  the  end  of  June  and  early  to  mid-July.  During  the  delay,  plants 
were  held  in  buckets  of  water  along  ditchbanks  in  full  sunlight  or  par¬ 
tial  shade.  Three  weeks  prior  to  planting,  they  were  transferred  to 
moist  sawdust  beds  (woody  species)  or  shallow  plastic-lined  boxes  filled 
with  water  (herbaceous  species)  under  deep  shade.  During  this  period, 
all  of  the  woody  species  broke  dormancy,  although  those  procured  from 
nurseries  had  been  held  in  cold  storage  and  were  dormant  when  they  ar¬ 
rived.  Considerable  leaf  development  occurred  while  they  were  held  In 
the  shade.  Plants  were  maintained  along  ditchbanks  and  in  deep  shade  a 
total  of  40  to  70  days  prior  to  transplanting.  The  mean  maximum  tempera¬ 
ture  was  26“  C  when  the  shoreline  sites  were  planted  in  late  June,  and 
35.5“  C  when  the  test  pool  was  planted  In  mid-July.  Temperature  exceeded 
39“  C  on  each  of  the  final  3  days  that  the  test  pool  was  (ilanted.  All 
plant  materials  were  sets,  slips,  or  rhizomatous  plants  that  were  topped 
to  a  height  of  30  cm. 


13.  Plots  at  Bobbie's  Beach  and  the  test  poo]  were  irrigated 
daily  during  planting  and  for  30  days  thereafter.  Plots  at  Cold  Springs 
were  not  irrigated  because  treatment  (flooding)  began  immediately  after 
planting  was  completed.  FI (jct iiat ion  treatments  were  begun  30  days  after 
planting  at  the  control  pool. 

Soil  and  Water  Analyses 

14.  Each  April,  soil  samples  were  collected  from  10  random  plots 
in  each  of  the  two  woody  blocks  per  tier  at  the  control  impoundment  and 
Cold  Springs.  Three  2.5-  by  30-cm  cores  were  collected  from  each  plot 
and  subdivided  by  depth  into  0-  to  15-cm  and  15-  to  30-cm  subsamples. 

A  composite  sample  of  each  set  of  subsamples  from  each  block  was  air 
dried  immediately  after  collection  and  analyzed  for  the  following 
character! St  ics  : 

a.  pfl. 

b.  Particle  size  distribution. 

c.  Cation  exchange  capacity. 

d .  Salinity. 

e.  Phosphorus. 

f.  Potassium. 

g.  Organic  matter. 

h.  NO^-n i t rogen . 

i.  Total  N  (Kjeldahl). 

15.  Soil  ox i da t i on- reduct  ion  potential  was  determined  by  insert¬ 
ing  12  bright  platinum  electrodes'"  15  cm  into  the  soil  in  a  circular 
pattern.  The  diameter  of  the  electrode  ring  varied  but  was  always  less 
than  20  cm.  The  platinum  electrodes  were  standardized  in  0.1-percent 
ascorbic  acid  after  the  method  described  by  Meek  and  Grass  (1975).  The 
millivolt  meter"”"  was  calibrated  using  its  own  internal  standard  cir¬ 
cuitry.  The  electrodes  were  allowed  to  equilibrate  24  hr  before  the 


Jansen  Instruments,  PO  Box  44021,  Tacoma,  Wash.  98440. 

Corning  Model  610A,  Corning  Glass  Works,  Medfield,  Mass.  02052. 
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voltage  was  recorded.  The  half-cell  calomel  was  inserted  2  cm  into  the 
soil  if  the  plots  were  not  inundated  or  2  cm  into  the  water  if  the  plots 
were  inundated. 


16.  Dissolved  oxygen  and  water  temperature  were  measured  at  a 
depth  of  30  cm  using  a  Yellow  Springs  Model  54  oxygen-temperature  meter. 
The  oxygen  meter  was  calibrated  in  air  at  the  temperature  of  the  water. 

17.  Water  samples  from  each  site  were  collected  monthly,  and  tur¬ 
bidity  was  measured  using  a  direct  reading  photometer.*  These  data  are 
reported  in  Jackson  Turbidity  Units. 

Plant  Performance  Variables 


Survi va 1 

18.  In  1979  and  1980,  surviving  herbaceous  plants  on  each  plot 
were  counted  30  days  after  transplanting  and  at  1-month  intervals  during 
the  growing  seasons.  A  plant  was  considered  to  be  surviving  if  any  por¬ 
tion  of  the  plant  possessed  green  leaves  or  culms.  During  the  first  two 
seasons,  the  colonial  growth  habit  of  several  herbaceous  species  made 
distinction  of  individual  plants  impossible.  Therefore,  in  1981  and 
1982,  survival  data  of  herbaceous  s))ecics  reflect  only  whether  or  not  a 
plot  contained  live  plants.  The  surviving  woody  plants  per  plot  were 
counteil  on  each  sampling  date  throughout  the  study. 

Pht’no  1  ogy 

19.  Each  month,  the  phenological  state  of  the  plants  in  each  plot 
was  determined.  The  six  phenological  categories  were:  (a)  vegetative, 
(h)  tillering,  (c)  flowering,  (d)  anthesis,  (3)  fruiting,  and  (f)  seed 

d i spe  r sa 1  . 

Vigoj 

20.  Each  month,  the  vigor  of  the  plants  in  each  plot  was  de¬ 
scribed  accoriling  to  the  following  categories:  (a)  dead,  (b)  declining 
(either  toward  death  or  dormancy),  (c)  stressed,  (d)  stable,  (e)  new 
shoot  growth,  (f)  new  rhizome  growth,  (g)  dormant,  (h)  drought  stress. 


Model  DK-E1,  Hack  Chemical  Company,  Ames,  Iowa. 
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and  (i)  breaking  dormancy.  If  the  plants  within  a  plot  were  producing 
both  shoot  and  rhizome  growth,  the  value  assigned  was  for  new  rhizome 
growth . 

Height  and  cover 

21.  Herbaceous  plant  height  was  measured  to  the  nearest  centi¬ 
metre  from  the  soil  surface  nearest  the  base  of  the  plant  to  the  tip  of 
the  longest  leaf.  One  to  ten  height  measurements  were  taken  from  each 
plot  depending  on  the  amount  of  plant  cover  that  remained  in  the  plot. 
Measurements  were  taken  at  the  approximate  location  of  each  original 
plant.  Thus,  for  example,  if  80  percent  of  the  plot  contained  plants, 
eight  height  measurements  were  takett  in  that  plot.  One  of  six  cover 
values  was  assigned  to  each  herbaceous  plot  to  reflect  the  cover  of  liv¬ 
ing  or  dead  plant  material,  as  well  as  the  bare  soil  area  of  each  plot. 
These  values  and  the  percent  cover  they  represent  are  given  below. 


Cover  Value 


Percent  Cover 
Less  than  1 


11-25 

26-50 

51-75 

76-100 


The  data  for  each  species  presented  in  the  figures  in  Part  111  are  the 
mean  of  eight  plots  for  the  control  pool. 

22.  In  1979  and  1980,  the  height  of  each  surviving  woody  plant, 
from  the  soil  to  the  tip  of  the  higliest  surviving  leaf,  was  measured  to 
the  nearest  centimetre.  From  these  data,  the  plot  tier  means  were  deter¬ 
mined  for  each  species.  In  1981  an<l  1982,  many  of  the  woody  plant  cano¬ 
pies  coalesced  within  their  plots.  On  such  plots,  height  of  the  tallest 
plant  was  measured  and  the  tier-mean  was  calculated.  The  area  covered 
by  the  plants  was  calculated  by  using  the  formula  for  the  area  of  an 
ellipse.  The  1979  and  1980  cover  data  represent  the  mean  cover  area  per 
plot  rather  than  per  plant.  This  value  was  calculated  by  multiplying 
the  mean  survival  per  plot  by  the  m(?an  cover  per  plant. 
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Supplemental  Data 

Volunteer  plants 

23.  Check  plots  were  subsampled  at  the  beginning  and  end  of  each 
season  using  a  15-  by  30-cm  rectangle  to  monitor  the  success  of  un¬ 
planted  "volunteer"  plants.  Two  subsamples  were  taken  from  herbaceous 
check  plots,  and  five  subsamples  were  taken  from  each  woody  check  plot. 
The  data  are  reported  as  the  number  of  individuals  of  each  species  per 
square  metre. 

Wildlife,  insects,  and  disease 

24.  Each  plot  was  inspected  monthly  for  evidence  of  wildlife  uti- 
lii:ation,  insect  damage,  and  disease  symptoms.  If  any  of  the  plants 
were  threatened  by  wildlife,  insects,  or  disease,  appropriate  corrective 
action  was  taken  as  necessary,  available,  or  reasonable  to  correct  or 
alleviate  the  condition. 

T  reatment 

25.  Treatment  consisted  of  the  unpredictable  periodic  fluctuation 
of  the  water  level  in  the  Lake  Wallula  forebay  and  controlled  fluctua¬ 
tions  at  the  control  pool. 

26.  The  forebay  elevation  of  Lake  Wallula  is  influenced  by  sev¬ 
eral  competing  interests  and  conditions.  Among  the  more  influential  of 
these  are  runoff  volume,  power  production,  navigational  requirements, 
and  irrigation  needs.  Navigational  requirements,  by  law,  limit  the  max¬ 
imum  fluctuation  in  the  f(-rebay  to  5  ft  (335  to  340  ft  msl). 

27.  Although  the  forebay  was  unpredictable  at  any  particular  in¬ 
stant,  analysis  of  the  hourly  foreb.jy  elevations  recorded  in  the  McNary 
Dam  control  room  showed  that  the  pool  did  not  fluctuate  randomly.  The 
forebay  tended  to  fluctuate  within  tlie  Lop  2  ft  ot  the  prescribed  limits 
during  the  winter  months,  keeping  tlie  plants  continuously  flooded,  while 
during  summer  months  the  elevation  fluctuated  below  the  contour  level  of 
the  plots  for  relatively  short  Lime  periods.  A  monthly  summary  of  the 
mean  niunber  of  hours  per  day  the  forebay  was  within  a  particular 
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shoreline  contour  (July  1979-July  1982)  is  presented  as  Table  4. 

28.  Normal  treatment  of  the  plants  at  the  control  pool  consisted 
of  fluctuating  the  water  level  4.5  ft  over  a  24-hr  period.  The  program 
changed  the  water  level  in  4-hr  time  blocks  as  depicted  in  Figure  2. 

The  tiers  were  flooded  and  drained  at  the  maximum  rate  that  the  equip¬ 
ment  would  permit  (80  min  or  0.71  ft/hour  for  flooding,  and  100  min  or 
0.63  ft/hour  for  draining)  and  then  held  at  that  level  for  the  reinaindcT 
of  the  4-hr  period.  Maintaining  the  pool  elevation  at  its  lowest  point 
in  early  to  mid-afternoon  best  approximated  the  Lake  Wallula  forebay 
fluctuations  in  summer.  Th<-  control  pool  was  held  at  full  pool  during 
the  weekends  and  holidays,  which  also  best  simulated  the  forebay  treat¬ 
ment.  This  fluctuation  pattern  produced  the  daily  treatment  presented 
in  Table  5. 

29.  An  alternate  fluctuation  pattern  was  used  during  data  collec¬ 
tion  and  plot  maintenance.  Such  alternate  patterns  occurred  during  a 
2-day  period  each  month  when  survival,  phenology,  and  vigor  data  were 
collecte<l  or  ov<>r  a  10-day  period  three  times  during  the  summer  when 
height,  rover,  and  survival  data  were  collected.  The  alternate  fluctua¬ 
tion  brought  the  water  over  the  plots  at  the  maximum  flooding  and  drain¬ 
ing  rat<'  from  1600  hr  to  0600  hr  tin'  following  day.  The  pool  was  held 
at  its  lowest  point  duritig  working  hours.  Thus,  plants  were  inundated 
daily,  but  gained  substantial  atmos])heric  and  photosynthetic  exposure 
during  data  collection.  Other  significant  variations  occurred  in  the 
fluctuation  pattern  of  the  control  ()ool  during  the  winter  of  1979-1980 
and  1981-1982,  when  ice  formation  dictated  maintaining  full  pool  for 
various  periods  to  avoid  extracting  woody  plants  during  periods  of  low 
atmospheric  temperature.  These  periods  were  for  41  days  in  1980  and  33 
days  in  1982,  during  January  and  February.  During  the  same  period,  the 
Lake  Wallula  forehay  did  not  recede  below  the  upper  tier  of  either  shore 
1  i  ne  s  i  t  «■ . 

30.  Figure  3  preseuits  the  me*.an  daily  inundation  of  the  Cold 
Springs  site  each  month  during  the  study.  Analysis  of  variance  indi¬ 
cated  that  the  highest  ti<'r  received  a  significantly  different  treatment 
than  the  middle  and  lowest  tiers  in  1980,  but  not  in  1981. 
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Figure  3.  Mean  daily  inundation  of  plots  at  Colei  Springs, 

Lake  Wal lula,  1979-1982 


31.  Throughout  the  remainder  of  this  report,  treatments  will  gen¬ 
erally  be  referred  to  Jn  terms  of  tier  or  maxinium  water  depths.  However, 
it  should  be  remembered  that  these  terms  actually  reflect  the  complex  ol 
factors  discussed  above,  including  the  timing,  duration,  and  seasonality 
of  inundation. 
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PART  111:  RESULTS 


Soil  Conditions 

32.  Thr  soil  chemical  and  mechanical  analyses  are  summarized  in 
Tables  6-11.  Soil  pH  and  organic  matter  were  stable  at  the  control  pool 
during  the  study.  Nitrate  nitrogen  decreased  after  the  first  year  and 
tIuMi  remained  stable.  Total  nitrogen  remained  relatively  stable  at  both 
the  shoreline  and  control  pool,  except  in  1981  when  there  was  an  unex¬ 
plained  tenfold  increase.  Because  total  nitrogen  reverted  to  its  previ¬ 
ous  level  after  1981,  it  is  assumed  that  the  analytical  laboratory  made 
a  decimal  error  in  1981.  Cation  exc'hange  capacity  was  low  and  remained 
stable,  wherc-as  salts  were  high  and  increased  at  Cold  Springs.  The  de- 
crc'ase  c)f  phosphorus  and  potassium  .at  the  control  pool  would  not  be  un¬ 
usual  for  newly  inundated  terrestrial  soil.  The  increase  of  these 
nutrients  was  not  predicted  at  Cold  Springs  and  suggests  that  siltation 
occurred  on  this  site*. 

33.  The  nic'chan  i  ca  1  analyses  (Tables  8-9)  show  that  the  control 
pool  soil  underwent  some  change  in  composition  once  treatment  began. 

Soil  for  the  pool  was  transported  from  a  nearby  upland  hill  and  was 
pr  i  lie  i  p.'i  I  I  y  a  loam.  Inundation  and  wind  erosion  removed  much  of  the 
silt  coiiUuil,  changing  the-  composition  to  sandy  loam  or  loamy  sand.  The 
iiiud/l.il  (Cold  .Springs)  also  underwent  some  change.  The  most  substantial 
cti.iMge  occurred  on  I'ier  1  in  1980  wliere  the  analysis  showed  a  change 

t  roll!  ,1  s.indy  loam  to  a  sill  loam,  indicating  considerable  siltation. 

D.il.i  from  Hcddiie's  Hc'ach  indie, ite  it  was  the  most  consistent  site,  with 
modcralely  h i gti  pH,  low  nutrient  content,  and  unchanging  texture. 

19.  Soil  in  Tier  I  at  tfie  control  pool  was  moderately  reduced  and 
simil.ir  to  that  in  Tier  3  at  Cold  Springs  (Table  11).  Tier  1  and  Tier  2 
at  Cc^ld  Springs  tiad  the  lowc-sl  soil  ox  i  da  I  i  on- reduc  t  i  on  (F.h)  values. 

The  most  acT.iteil  soil  was  on  Tic'r  3  at  the*  control  pool  and  could  be  con¬ 
sidered  moder.tlely  wc' I  I  aerated.  The  Eh  data  directly  correlate  with 
pl.inl  growth.  Howc'vct,  due-  to  the  large'  variability  associated  with  the 
tecTiriiipie  for  measuring  soil  Eli,  not  only  in  these  data  but  in  those 
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Summary  of  Soil  Chemical 

Parameters 

at  the 

Control 

Pool ,  1979 

-82* 

Parameter 

Tier 

1979 

1980 

Year 

1981 

1982 

pH 

1 

8.6 

8.1 

8.3 

8.1 

2 

8.6 

8.1 

8.3 

8.0 

3 

8.6 

7.9 

8.2 

7.9 

4 

8.9 

8.3 

8.3 

8.1 

%  Organic  matter 

1 

0.5 

0.3 

0.5 

0.5 

2 

0.4 

0.4 

0.5 

0.5 

3 

0.4 

0.5 

0.5 

0.5 

4 

0.4 

0.4 

0.5 

0.5 

Nitrate  nitrogen 

1 

8.2 

1.9 

1.8 

1.9 

(ppm) 

2 

3.3 

1 .4 

1.8 

1  .9 

3 

3.1 

1 .4 

1.6 

1.8 

4 

2.7 

1  .4 

1.7 

1  .8 

%  Total  nitrogen 

1 

0.04 

0.03 

0.43 

0.04 

(Kjeldahl ) 

2 

0.04 

0.03 

0.45 

0.04 

3 

0.04 

0.03 

0.44 

0.04 

4 

0.04 

0.02 

0.39 

0.04 

Phosphorus 

1 

9.7 

6.5 

4.5 

5.5 

(ppm) 

2 

8.6 

7.3 

4.5 

5.0 

3 

7.8 

7.5 

4.8 

5.3 

4 

6.7 

6.4 

4.3 

4.0 

Pot  ass i urn 

1 

318 

251 

165 

166 

(ppm) 

2 

330 

32  7 

174 

154 

3 

337 

282 

184 

147 

4 

388 

370 

343 

304 

Catiot]  exchange  capacity 

1 

9.6 

9.6 

10.  1 

6.6 

(meg/ 100  g) 

2 

9.5 

9.8 

10. 1 

6.3 

3 

8.5 

9.6 

10.  I 

6 . 6 

4 

8.5 

9.5 

10.2 

6.7- 

Salts  ^ 

1 

0.33 

0.24 

0.27 

0 . 49 

(mmhos/cm  ) 

2 

0.29 

0.27 

0.30 

0.47 

3 

0.27 

0.31 

0.32 

0.50 

4 

0.36 

0.28 

0.32 
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Values  are  means  of  0-  to  15-cm  and  15-  to  30-rm  samples  taken  in 
■  April  from  both  sides  of  the  control  pool. 
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Table  7 

Summary  of  Soil  Chemical  Parameters  at  Cold  Springs,  1979-82" 


Cold  Springs 


Parameter 

Tier 

1979 

1980 

1981 

1982 

pH 

1 

7.6 

7.5 

7.9 

7.7 

2 

7.5 

7.5 

7.9 

7.8 

3 

7.6 

8.2 

8.5 

8.3 

%  Organic  matter 

1 

0.1 

0.4 

0.6 

0.4 

2 

0.1 

0.5 

0.7 

0.4 

3 

0.  1 

0.3 

0.5 

0.4 

Nitrate  nitrogen 

1 

0.9 

0.1 

1.7 

2.2 

(ppm) 

2 

0.9 

0.2 

2.0 

2.4 

3 

1.0 

0.8 

2.2 

2.1 

%  Total  nitrogen 

1 

0.02 

0.02 

0.48 

0.05 

(Kjeldahl) 

2 

0.02 

0.02 

0.65 

0.05 

3 

0.02 

0.01 

0.41 

0.05 

Phosphorus 

1 

0.3 

7.5 

7 

9 

(ppm) 

2 

0.5 

9.3 

10 

9 

3 

0.8 

6.2 

6 

6 

Po  t  a  s  s  i  urn 

1 

57 

250 

241 

223 

(ppm) 

2 

57 

261 

230 

213 

3 

70 

381 

469 

369 

Cation  exchange  capacity 

1 

4.7 

8.5 

8.8 

6.  1 

(meg/ 100  g) 

2 

4.7 

9.4 

10.0 

7.2 

3 

4.5 

10.1 

9.5 

7.2 

Salts  2 

(mmlios/cm  ) 

1 

0.  1 1 

0.76 

0.72 

1 .46 

2 

0.11 

0.62 

0.75 

1.36 

3 

0.  1 1 

0.40 

0.65 

1.38 

Values  are  means  of  U-  to  15-cm  and  15-  to  30-rm  samples  taken  in 
April  . 
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Parameter 
%  Rock 


%  Sand 


%  Coarse  silt 


%  F  i  ric  silt 


X  Clay 


Class 


Table  8 

Summary  of  the  Mechanical  Analy^s  of  Soils 
at  the  Control  Pool,  1979-1982 


Year 


22 


Tier 

1979 

1980 

1981 

1982 

''■V-V  V-'  ■ 

1 

2 

“  “ 

0.0 

0.4 

“•  - 

■/ 

3 

-- 

0.0 

-- 

-- 

«pt~  «£ 

4 

“  “ 

0.2 

”■  " 

“  “ 

1 

31.0 

64.5 

7  3.5 

64.9 

2 

38.5 

65.2 

7  3.3 

65.0 

3 

44.4 

64.4 

72.8 

63.5 

4 

44.0 

61.9 

73.4 

65.3 

m-  mt,  ^ 

1 

42.6 

27.8 

24  .  1 

30.3 

2 

38 . 9 

27.2 

24.5 

29.7 

3 

40.0 

29.3 

24.3 

31 .4 

4 

38.8 

26.3 

23.9 

29.4 

tv 

1 

5.4 

1  .  7 

1.3 

1.2 

2 

6.0 

0.8 

1.4 

1.5 

3 

3.3 

0.6 

0.9 

1  .  1 

4 

4.2 

2.9 

1  .  1 

0.7 

1 

21.0 

6.0 

1  .  1 

3.6 

5^--. ..  - 

2 

16.6 

6.4 

0.8 

3.8 

3 

12.3 

5.7 

2.0 

4.0 

4 

13.0 

8.6 

1.6 

4.6 

1 

Loam 

Sandy 

Loamy 

Sandy 

k  •  »  j 

loam 

Sandy 

1  oain 

'.mm'  ■  -9 

2 

Loam 

Loamy 

Sandy 

loam 

sand 

loam 

3 

Loam 

Sandy 

Loamy 

Sandy 

loam 

sand 

loam 

Sandy 

W  ] 

4 

Silt 

Sandy 

Loamy 

*  -  -  — - - - 

1  oain 

1  oam 

sand 

1  oam 

s  i 


m  m 


f'araiiiet  cr 
X  K(n  k 

%  Sanil 

%  Ca)h  rsf  silt 

%  hint-  sill 

I'l.iy 

t:  1  .iss 


Tattle  9 

Merhaiiica  1 

Analysis 

of  Soils 

L 

1<^^9-  i98J 

Yea  r 

19  79 

1980 

1981 

1982 

- - - 

- - - -  - 

- - 

■ 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

68.4 

22.6 

74.0 

65.2 

58.9 

51.0 

71.9 

56.9 

54.3 

53.0 

65.2 

55.8 

26 . 0 

54.2 

24.0 

30.2 

35.4 

41.9 

25.5 

38.9 

39 . 3 

40.6 

32.  1 

38.8 

1  .5 

4.2 

0.9 

0.6 

1  .  1 

1  .3 

1  .  1 

1 .2 

1  .  3 

0.8 

1  .2 

0.8 

4 .  1 

19.0 

1  .  3 

4.0 

4.6 

5.8 

1 .6 

,3 . 0 

5.  1 

5.6 

1  .  7 

4.6 

S. Hilly 

Sill 

l.ii.imy 

Sainly 

1  O.llll 

1  <1.1111 

s.'hmI 

1  oai 

S. Hilly 

S. Hilly 

l.ii.iiiiy 

S.iiiily 

i  •  >.|ih 

1  ii.iiii 

s.i  nil 

1  (i.ii 

'  •<  H  1  ■  1  •. 

IM'IV 

S.i  inly 

S. Hilly 

1  '>.i'ii 

1  1  ■.nil 

1 1  .nil 

1  oai 

m  '  mm 


Table  10 


Summary  of  Selected 

Physi cal 

and  Chemical  Properties  of 

Soi  Is 

at 

Bobbie ' s 

Beach,  1979- 

1982 

Parameter 

Tier* 

“1979 

Year' 

1980 

1981 

1982 

pH 

2 

7.5 

7.9 

7.8 

7.9 

X  Organic  matter 

2 

0.  1 

0.  1 

0.1 

0.6 

Nitrate  nitrogen  (ppm) 

2 

0.9 

0.23 

0.9 

1 . 1 

%  Total  nitrogen 
(Kjeldahl ) 

2 

0.02 

0.  12 

0.08 

0.014 

Phosphorus  (ppm) 

2 

0.5 

0.5 

1 .0 

1  .0 

Potassium  (ppm) 

2 

57 

68 

93 

67 

Cation  exchange  capacity 
(meg/ 100  g) 

2 

4.7 

5.3 

4.5 

3.6 

Salts  (meg/100  g) 

2 

1.2 

0.14 

0.08 

0.28 

%  Sand 

2 

98.  1 

96.5 

96.2 

99.0 

X  Coarse  silt 

2 

0.8 

1  5 

]  .2 

0.2 

X  Fine  silt 

2 

0.4 

0.3 

2.0 

0.1 

X  Clay 

2 

0.7 

1.8 

0.6 

0.7 

Class 

2 

Sand 

Sand 

Sand 

Sand 

■"  After  the  majority  of  the  plots  were  washed  away,  only  one  soil 

sample  (30  cores)  was  taken  from  approximately  the  Tier  2  elevation. 
**  Values  reported  for  1980  are  fall  values;  those  for  1979,  1981,  and 
1982  were  taken  in  the  spring. 


Table  11 

Sununarv  of  Soil  Oxidation-Reduction  Potentials.  1979-1982* 


Control  Pool 


Cold  Springs 


285 

170 

130 

164 

327 

290 

266 

298 

339 

327 

520 

408 

365 

277 

275 

366 

-105 

38 

139 

24 

186 

-149 

156 

64 

103 

132 

142 

126 

Values  reported  are  year-end  (Sep-Oct)  values. 

reported  in  the  literature,  differences  in  plant  growth  cannot  be  con¬ 
fidently  attributed  to  variation  in  soil  Eh. 

Wa ter  Qual i ty 

35.  Dissolved  oxygen  and  water  temperature  data  are  given  in 
Tables  12  and  13.  Dissolved  oxygen  ranged  from  7.6  ppm  on  the  river  in 
August  1979  to  13.5  ppm  on  the  river  in  June  1980.  Values  in  any  par¬ 
ticular  month  did  not  vary  more  than  2. A  ppm  (September  1980)  between 
sites.  These  data  show  that  there  was  not  a  substantial  difference  in 
dissolved  oxygen  between  the  control  pool  and  the  river  during  the 
course  of  the  experiment. 

36.  Water  temperature  ranged  from  13°  C  at  the  control  pool  in 
October  1980  to  28°  C  at  the  control  pool  in  June  1981.  The  difference 
between  the  shoreline  sites  and  the  control  pool  in  a  given  month  ranged 
from  0°  C  (April  1980)  to  11°  C  (April  1981).  There  was  no  trend  in  the 
number  of  times  the  pool  was  warmer  or  cooler  than  the  river.  During 
the  study,  water  in  the  control  pool  averaged  1°  C  colder  than  in  the 
river. 

37.  Water  turbidity  was  low,  with  a  mean  of  20.8  JTU  for  the 
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Table  12 

Summary  of  Dissolved  Oxygen  (ppm),  1979-1982 


Month 

Site* 

1979 

1980 

1981 

1982 

April 

CP 

-- 

11.4 

9.6 

-- 

River 

-- 

11.2 

9.7 

-- 

May 

CP 

-- 

10.0 

10.4 

11.2 

River 

-- 

12.0 

10.3 

10.7 

June 

CP 

-- 

11.2 

12.2 

11.2 

River 

-- 

13.5 

11.1 

10.4 

July 

CP 

-- 

9.0 

10.1 

-- 

River 

-- 

8.0 

10.1 

-- 

August 

CP 

8.2 

9.6 

10.2 

River 

7.6 

10.5 

8.7 

September 

CP 

8.2 

9.6 

10.6 

River 

8.4 

12.0 

10.0 

October 

CP 

9.4 

10.6 

-- 

River 

10.  1 

11.3 

CP  =  ControJ  Pool;  value  for  river  is  the  mean  of  the  values 
obtainefl  at  the  two  shoreline  sites. 
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Table  13 

Sunun^^y  of  Water  Temp«erature  (°  C) ,  1979-1982 


Month 


Apri  1 


Ki  ver 


%  s  • 

V.  ■  V  »• 

>  .-V' 


>  -:  v  \  ;  *  V 


h  »•  -.  *r_  . 


(ic  t  ober 


K  i  ve  r 


Ki  ver 


River 


Anj'iist 


River 


Sept  ember 


River 


River 


I-. 


Cl'  -  Control  Pool;  value  lor  river  is  the  mean  of  the  values 
obt.iined  at  the  two  shoreline  sites. 
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4.“)  ft.  With  the  exception  of  the  three  Salix  species,  none  of  the 
woody  plants  performed  well  where  flooding  depth  was  more  than  1.5  ft, 
but  9  of  the  19  herbaceous  species  were  well  adapted  to  flooding  depths 
of  at  least  3  ft.  Herbaceous  plants  that  performed  best  at  the  maximum 
flooding  depth  of  4 .  .5  ft  were  Carex  spp.  and  Eleocharis  spp. 

39.  Transplant  performance  and  use  by  wildlife  are  discussed  on 
an  individual  species  basis.  The  v.ilues  given  in  the  following  discus¬ 
sion  pertain  to  data  from  the  control  pool  only. 

Hj“rbaceous  species 

40.  Carex  aperta.  More-  than  95  percent  of  the  plants  survived 
the  year  of  establishment,  but  survival  declined  to  between  64  and 

78  percent  on  a  plants/plot  basis  the  s«'cond  year  (Figure  4).  With  the 
exception  of  'l'i<>r  3  (the  secotid  highest  elevational  tier),  where  all 
plants  in  otie  of  eight  plots  died,  survival  on  a  plot  basis  was  100  per¬ 
cent  throughout  the  expt'riinent  .  Cover  remained  rather  static  at  about 
2.5  to  50  pert  (‘III  with  the  exception  of  Tier  2  (the  st'conti  lowest  eleva¬ 
tional  tier),  where  cover  increased  annually  to  a  final  level  of  nearly 
100  percent.  fh'ight  of  plants  at  the  termination  ol  the  experiment  was 
inversely  proportional  to  the  depth  (and  duration)  of  flooiiing.  Height 
ranged  from  24  cm  on  Tier  4  to  93  cm  on  Tier  1. 

41.  C.  aperta  suffered  chronic  chlorosis  throughout  the  experi¬ 
ment.  The  degree  of  chlorosis  was  eipial  among  plants  on  Tiers  2,  3,  and 
4  but  sometimes  was  nondet eel abl e  on  Tier  1.  Th<>  symptoms  often  receded 
in  late  fall,  but  reaiipeared  in  early  spring  and  became  most  severe  dur¬ 
ing  seed  production. 

42.  The  only  apparent  wildlife  usage  associated  with  this  species 
was  the  occurrence  of  two  small  mammal  burrow  entrances  within  two  plots 
on  the  nonflooded  tier  (Tier  4). 

43.  Although  the  survival  of  this  spi’cies  eipialed  or  exceeded 
that  of  other  herbaceous  species  on  all  tiers,  it  ajjpear.s  to  be  most 
adapted  to  tin-  zones  flooded  to  dejiths  of  1.5  to  4.5  ft. 

44.  Carex  lyrtgbyei.  This  species  was  planted  at  Cold  Springs  in 
1980,  but  it  was  not  jrlanted  at  the  control  pool.  A  demonstration  plot 
planted  at  Cold  Sprrings  in  1979  indicated  the  species  hail  good  potential 


However,  after  its  initial  excellent  establishment,  survival  declined 
until  it  nearly  died  out  by  September.  The  species  did  not  survive  the 
winter.  No  disease  symptoms,  wildlife,  or  insect  utilization  were  ob¬ 
served  on  this  species. 

4.S.  pe^askensis.  Initial  survival  of  C.  nebraskensis  was 

68  to  85  percent  and  remained  higher  than  60  percent  on  the  upper  three 
tiers  (figure  5).  The-  species  had  a  high  first  winter  mortality  on  the 
lowest  tier  and  never  recovered  appreciably.  Survival  on  the  upper 
tiiree  tiers  remained  high  (100  percent)  on  a  plot  basis  throughout  the 
exj>er  inient  . 

46.  Cover  increased  dramatically  from  the  first  to  second  growing 
season  on  Tiers  ami  3  and  remained  high  on  Tier  2.  Cover  on  Tier  3 
del  rcaseil  sharply  in  ]9H2.  This  specii's  did  not  grow  well  under  long 
iiiundatioti  or  <lry  cotiditions.  Plant  height  and  cover  exhibited  similar 

t remls  on  a  tier  basis.  Maximum  plant  height  (84  cm)  was  on  Tier  2  in 
1082. 

47.  Wildlile  use  of  tliis  species  was  not  apparent  duririg  tlie  ex- 
pt'rimenl.  Chronic  chlorosis  app(>ared  during  the  first  st'ason  and  con¬ 
tinued  throughout  the  experiment.  The  symptoms  appeared  principally  in 
the  upper  two  tiers.  Chlorosis  would  character i st i ca 1 1 y  occur  sporadi¬ 
cally  within  a  plot,  and  the  severity  would  typically  range  from  none  to 
coinpletely  chlorotii  with  tlie  newer  shoots  exhibiting  the  least  chloro¬ 
sis.  A  mild  rust  infection  oiciirred  in  1981  atid  1982. 

48.  The  survival  and  cover  d.ita  indicate  that  C.  nebraskensis 
I'ould  tie  suil.ihle  for  use  in  Ibv  moderate  drawdown  zone  (1.5  to  3  ft) 
but  tliat  it  would  tie  unsuitatile  for  the  lower  drawdown  and  upland 
env i ronment  s . 

49.  Care.v  obnupta.  Initial  survival  was  mediocre  and  ranged  from 
37  perient  on  't  ier  1  to  67  percent  on  Tier  3  (Figure  6).  Several  plants 
died  during  tlie  1979-1980  winter,  but  some  plants  persisted  in  all  plots, 
exiepl  one  on  Tier  1.  Tlie  high  survival  rates  (on  a  plot  basis)  were 
accompanied  by  iiinsislent  rhizome  production  which  filled  in  the  plots 

by  the  middle  of  the  third  summer  on  Tiers  2  and  3.  Growth  was  slower 
on  the  lowest  tier,  but  eventually  these  plots  began  to  fill  in  and 
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Figiirf  6.  Survival,  height,  .iii<l  rover  of  Carex  obnupta  at  four 
flooding  depths  at  the  control  pov)l 
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approached  75-percent  cover.  Rhizome  growth  was  much  slower  on  the  non- 
flooded  tier. 

50.  Height  of  C.  obnupta  was  second  only  to  river  bulrush 
iScirpus  validus)  among  herbaceous  species.  Plant  height  increased  each 
season  and  reached  a  maximum  height  of  131  cm  on  Tier  2  in  1982. 

51.  There  was  no  evidence  of  wildlife  usage,  even  when  the  plants 
were  heavily  laden  with  seed  in  1981.  No  major  plant  diseases  were 
noted  except  for  mild  chlorosis  and  a  mild  rust  infection. 

52.  Despite  its  low  initial  survival,  the  robust  growth  exhibited 
by  this  species  indicates  that  C.  obnupta  is  adapted  to  the  drawdown 
zone  to  a  depth  of  4.5  ft.  Although  it  survived  well  on  the  noninun- 
dated  tier,  growth  was  restricted. 

53.  Carex Forty  to  50  percent  of  the  plants  died  dur¬ 
ing  the  year  of  establishment,  but  few  plants  died  during  the  ensuing 
winter.  Some  plants  survived  on  all  tiers,  arid  these  spread  gradually 
through  rhizonif'  extension,  especially  on  the  three  inundated  tiers.  On 
the  l./wer  three  tiers,  50  to  100  percent  of  the  plot  area  was  covered  by 
this  species  iliiring  1981  and  1982  (Figure  7).  Growth  on  the  lowest  tier 
was  second  only  to  Eleocharis  coloradoensis  and  C.  obnupta.  Maximiim 
piint  height  increased  to  slightly  over  1  m  on  the  second  tier  in  1982. 

54.  With  tlie  e.sception  of  one  or  two  small  mammal  burrows  on 
I'ier  4,  there  w.is  no  evidence  of  wilillife  usage. 

55.  Chlorosis  occurred  in  this  species,  and  its  severity  in¬ 
creased  as  depth  ut  inundation  deireased.  In  1980  the  chlorosis  was 
seven',  hut  subsided  a.s  the  season  prtigressed.  In  1981,  the  condition 
increased  in  intensity,  as  the  year  progressed.  In  1982,  the  intensity 
remained  mild  to  model. ite  on  the  inuiidateil  tiers  and  imulerate  to  severe 
on  the  non i uunda t ed  tier. 

56.  C.  rosti'ata  has  excellent  potential  for  revegetation  within 

t  lie  drawdown  zone  to  I  tie  niaxiimim  depth  tested  (4.5  ftl-  It  does  not  ap- 
pe.ir  to  he  suited  lor  upland  habitats.  fliis  species  produced  a  total  of 
only  three  inflorescences  throughout  all  tiers,  sites,  and  years  of  the 
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57.  Carex  sheldonii.  This  specie.s  was  planted  at  Cold  Springs 
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only  in  1980.  Initial  survival  was  85  percent  or  more  on  all  tiers,  but 
growth  was  poor  and  all  plants  died  before  September. 

58.  Carex  vulpinoidea .  C.  vulpinoidea  bad  better  initial  sur¬ 
vival  (62  to  82  percent)  than  other  Carex  species  included  in  the  exper¬ 
iment.  As  with  most  other  species,  individual  survival  decreased  in  the 
second  year,  but  survival  on  a  plot  basis  stabilized  in  1981  and  1982 
(Figure  8) . 

59.  Cover  increased  on  all  tiers  except  the  lowest  (Tier  1)  dur¬ 
ing  the  first  three  seasons,  and  then  st.ibilized  at  75  to  100  percent  on 
Tiers  2  and  3  and  25  to  50  percent  on  Tier  4.  I'lant  height  reached  its 
peak  of  slightly  under  100  cm  on  Tier  2  in  1982. 

60.  No  wildlife  appeared  to  use  this  species.  Tin'  only  disease 
noted  was  chronic  chlorosis,  which  vari<-<l  in  severity  but  was  usually 
mild.  Chlorosis  was  most  severe  in  1982  on  Tiers  3  and  4. 

61.  This  species  exhibited  good  first-year  survival  and  slow  ex¬ 
pansion  thereafter.  The  increase  in  cover  was  not  due  so  much  to  new 
plant  initiation  as  to  increasing  foliage  production.  However,  flower 
production  ranked  near  that  of  Deschampsia  caespitosa,  and  numerous 
seedlings  emerged  throughout  the  control  pool.  This  species  appears  to 
be  most  adapteil  to  drawdown  zone  <lepths  ranging  from  0  to  3  ft. 

()2 .  Deschampsia  cae^itosa.  Initial  survival  of  Deschampsia 
caespitosa,  98  tc)  100  pt'tcent,  was  among  the  highest  for  any  species  in 
the  experiment.  Moie  than  50  percent  of  the  )>lants  die<l  on  Tier  1  dur¬ 
ing  the  1 i rst  winter  (Figure  9),  but  some  plants  survived  in  all  except 
two  plots  for  the  duration  of  the  experiment. 

63.  Cover  on  the  three  u|)per  tiers  was  mort*  than  75  percent  dur¬ 
ing  1980,  but  it  declined  thereafter,  especi.illy  on  Tiers  3  and  4. 

64.  Wildlife  usage  was  im|)licated  in  the  decreased  survival  on 
Tier  3  in  1982  and  in  the  decline  in  cover  on  t  hc^  u))per  two  tiers.  In 
the'  wintei  of  1980  and  again  in  1981,  mnski'ats  used  the  Deschampsia 
plots  on  liers  2  and  3  for  cover.  ''hey  burrowed  along  the  soil  surface' 
<md  be'twe-e'u  the'  twcj  rows  of  pl.ints.  e'lite'ring  from  the'  low  enil  of  ttie' 
plot.  During  the'  following  summe'r.  se've'r.il  plants  d  i  e'd  in  the'se'  plots. 
Twc)  or  three'  plots  were'  disrupte'il  by  muskrats  that  burrowe'd  into  t/ie 
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soil  aiul  destroyed  several  plants.  Muskrats  did  not  use  any  other  spe¬ 
cies  in  this  manner.  Deschampsia  suffered  slightly  from  chlorosis  and  a 
rust  i nf ect ion . 

65).  This  species  produced  abundant  seed  each  year  on  all  but 
Tier  1.  The  seed  was  dispersed  over  the  entire  area  of  the  control  pool, 
and  the  rc'siiltant  seedlings  became  one  of  the  dominant  volunteer  species. 
Uiuler  the  proj){>r  establishment  conditions,  seeding  would  be  the  most  eco¬ 
nomical  means  of  establishment. 

66.  Although  the  species  produced  new  culms  each  year,  the  /lumber 
of  new  culms  decreased  each  season  after  the  second.  Since  each  culm 
h.is  the  potential  to  flower  and  then  <lies,  Deschampsia  cannot  be  ex- 
peited  to  maintain  the  initial  [loiu/tation  nor  to  maintain  a  constant 
seed  supply.  Therefore,  this  species  is  most  suited  to  the  upper  draw- 
ilown  zone  and  marsh  areas  where  the  environment  is  conducive  to  seedling 
pi oduct  i  on . 

67.  Eleqcharis  coloradoensis .  Nearly  100  percent  of  the  Eleo~ 
charis  coloradoensis  plants  (plugs)  became  established  on  the  three  in¬ 
undated  tiers,  hut  none  established  on  Tier  4,  the  highest  tier. 

Shortly  before  survival  data  were  rf‘corded  in  October  1970,  waterfowl 
extirpateil  all  plants  from  the  plots  on  Tier  3.  However,  some  tubercles 
and/or  rhizomes  apparently  remained  in  the  soil  and  sjironled  in  1980. 
Kventually,  the  act  ivily  of  ihu  ks  reduced  t  li<'  population  on  Tit'r  3  to 

ze  ro  (  K  i  gu  re-  10). 

68.  IMant  cover  incre.tse-d  st<*.idily  on  Tier  1  (tin-  lowest  tier) 
until  cover  was  virtually  100  pe-rcent  .  Ke.isons  for  the-  decre-.ise  in 
cover  on  Tier  2  bc-twe-en  1981  and  1982  .ire  not  c  Ic-.ir,  .ind  the  data  arc- 

not  re-p  re-se-n  t  a  t  1  ve  of  I'ie’r  2  in  genc-ral.  Vo  I  un  t  <-<■  rs  of  t  fi  i  s  spi-cie-s  pi-r- 
formed  well  on  Tie-r  2.  E.  coloradoensis  is  a  dimimit  i  ve  pl.int,  and 
height  range-d  bc-twc-c-n  I  an<l  2  cm. 

69.  Wildlile  usage  was  consistent  e.ic  ti  ye.ii,  W.iteilowl  t  c-d  c>n 
the  tube-rcles,  extirpating  plots  ami  colonies  est.ib  ...bed  outside  the 
filots.  No  other  wildlife-  usage-  w.is  ofisi-rvi-d. 

70.  This  species  was  c  ons  i  dc-re-d  to  he  one  o|  llu  most  siicci-sslul. 
Altlioiigb  the-  d.ita  do  not  documi-nt  this  vie-w,  e-xie)>t  on  Tier  I,  ge-ner.il 
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Figiiri'  10.  Survival,  height,  and  cover  of  Eleocbaris  coloradoensis 
at  four  flooding  depths  at  the  control  pool 
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observations  and  data  from  the  check  plots  substantiate  this  opinion. 
Waterfowl  extirpation  essentially  eliminated  the  tubercles  from  the 
plots  on  Tier  3,  and  the  plants  did  not  reestablish  themselves,  probably 
because  the  seed  and  tubercles  produced  by  the  original  plants  floated 
downslope.  Rhizome  growth  tended  to  be  downslope  as  well.  The  movement 
of  reproductive  structures  aided  in  distributing  the  species  into  vir¬ 
tually  a  carpet  from  one  end  of  the  control  pool  to  the  other  in  Tiers  1 
and  2.  Tliis  species  is  well  adapted  to  flooded  conditions  and  probably 
would  grow  luxuriantly  in  drawdown  zones  (at  least  to  4.5  ft)  if  the 
activity  of  ducks  could  l)e  curtailed,  or  if  new  tubercles  or  seed  were 
planted  periodically  to  reestablish  the  colonies  following  feeding  by 
ducks . 

71.  In  1979,  a  closely  related  species  (Eleocharis  parvula)  per¬ 
formed  similarly  in  the  upper  drawdown  zone  at  the  Cold  Springs  mudflat 
site.  Waterfowl  also  extirpated  this  population  in  1979,  and  in  the 
following  three  summers,  the  population  did  not  reestablish  itself. 
Siitation  may  he  one  of  the  principal  reasons  why  the  population  did  not 
recover  at  Cold  Springs. 

£ i eocha ris  ova ta .  Ninety-eight  to  100  percent  of  the  plants 
became  established,  and  survival  during  the  first  winter  (1979-1980)  was 
excellent  on  the  upper  three  tiers  (Figure  11).  This  species  also  repro¬ 
duced  by  seed  after  the  first  season.  However,  it  began  to  decline  in 
1980  and  survival,  height,  and  cover  decreased  steadily  until  1982  when 
all  plants  in  all  tiers  died. 

73.  Wildlife  apparetjtly  did  not  utilize  this  sj)ecies  at  the  con¬ 
trol  pool.  Chronit  chlorosis  was  slight  to  sometimes  severe. 

74.  The  p«-rformance  of  this  species  indicates  that  it  is  unsuit¬ 
able  for  use  in  revegetation  of  the  <lrawdown  zont'  or  in  upland  environ¬ 
ments  with  conditions  similar  to  those  at  the  control  pool.  However, 
the  species  forms  an  extensive  monolypic  colony  in  the  marsh  where  it 
was  collected  near  Mapleton,  Oreg.,  and  it  may  have  potential  in  other 
env i ronment  s . 

75.  Eleocharis  palustris .  Initial  survival  of  this  s])ecies  was 
only  50  percent  on  Tiers  1  and  4,  but  ranged  iij)  to  81  percent  on  Tier  3 


liviirc  II,  Siirviv.il,  .iimI  c'nvft  of  Eleochai'is  ovata  at 

lour  t  IoimIiti^  dept  lis  at  tlic  roiitrol  pool 


(Figure  12).  As  with  most  sporips,  several  plants  died  during  the  first 
winter,  and  survival  in  1980  ranged  from  17  percent  on  Tier  1  to  58  per¬ 
cent  on  Tier  3.  Some  plants  survived  in  all  plots  on  the  uj)per  three 
ti<TS  for  the  duration  of  the  study.  Plants  attained  a  height  of  29  to 
30  cm  during  each  of  the  3  years  after  establishment. 

76.  Cover  increased  dramatically  on  Tiers  2,  3,  and  4  during  the 
year  .if  ter  es  I  ah  I  i  s  luiien  t  ,  remained  relatively  constant  in  1981,  and  then 
de(  re.ised  slightly  in  1982.  Maximum  cover  (50  to  75  percent)  was  o/i 

T  ]  e  r  3  i  n  1  980  arid  1981. 

77.  No  wilillile  use  of  tins  sjiecies  was  nott'd,  and  no  suhstantial 
disease  or  insect  prohlems  were  ohsi'rveil.  Under  the  conditions  of  this 
experiment  ,  the  s()e(  ic-s  w.is  most  adapted  to  areas  that  were  flooded  to  a 
depth  of  i  It  or  less. 

7h.  Jiincus  balticus.  Ks  t  a  h  I  i  shment  of  this  spc-cies  was  less  than 
50  percent  on  all  t  iers  exc  i-pt  Tier  .3,  where  83  percent  of  t  lie  plants 
survivi'il  the  first  season  (Figure  13).  Survival  dc'cliiKof  on  the  iniin- 
dateil  tiers  in  1980,  <ind  all  plants  on  tfie  lowest  tier  died  that  year. 
Some  (ilants  survived  in  all  plots  on  fiers  3  and  4  for  the  duration  of 
the  sillily,  hut  plants  in  25  percent  of  the  plots  on  Tier  2  died  by  1982. 
Height  of  pi. mis  increased  from  a  m.iximum  of  34  cm  the  first  year  to 
85  cm  in  1982  on  Tier  3.  Cover  ratings  followed  much  the  same  trend  as 

height,  and  ,i  m.ixin .  cover  of  50  to  75  percent  w.is  attained  on  Tier  '.i 

in  1981  and  1982. 

79.  I'l.ints  developed  a  moderate  to  sevc-rc'  chlorosis  pe'r  i  od  i  ca  1  I  y 
throughout  the  durat  ion  of  the  ex(><*  r  i  iiic'ii  t  and  there'  was  widespread  necro¬ 
sis  of  t  tie  culm  lips.  No  wildlife  use  of  the  sjiecies  was  ajijiarent. 

80.  This  species  is  most  suited  to  moist  areas  and  to  drawdown 
/ones  Ih.it  do  not  exceed  1.5  ft.  Otfic-r  sjiecies,  such  as  Carex  sjic'cies, 
woiilil  provide  more  cover  .ind  jirohahly  he  more  v.aluahle  in  the  zone's 

will  re  7.  balticilS  .ippc.irs  to  he  adaptc'd. 

81.  Jwicith  effusus.  Survival  of  this  sjiecies  was  good  to  cxc(‘l- 
lent  the  s'e.i  I  of  planting,  hut  many  jilaiits  died  during  the  winter.  Max¬ 
imum  suiviv.il  del  re.ised  I  rom  82  jiercc'iil  in  1979  to  only  17  pc'rct'nt  in 
I9H0  (f  igure  14).  8y  .July  ol  1982,  Ifiere  wcTC'  no  surviving  jilants  in 
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I'iniirc  12.  Survival,  lif’iglil,  .iini  rover  ol  Eleocharis  palustris 
at  four  flooding  depths  of  the  control  poci  1 
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Figure  14.  Survival,  hfiKht,  and  cover  of  Juncus  effusus 
at  four  flooding  depltis  at  the  control  pool 
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75  percent  of  the  plots  on  Tiers  2  and  3,  and  all  plants  on  Tier  4  had 
died.  Plants  achieved  their  maximuiu  height  of  57  cm  in  1980  and  1981 
and  then  declined  to  35  cm  in  1982.  This  species  grew  very  slowly  and 
never  covered  more  than  10  percent  of  the  plot  area.  In  1981,  the  only 
cover  rating  greater  than  1  percent  was  on  Tier  4. 

82.  Plants  were  moderately  to  severely  chlorotic  in  1979  and  1980, 
(lilt  no  clilorosis  was  observed  in  1981  and  1982.  No  wildlife  use  was 

not  ed . 

83.  The  cause  for  the  high  first -winter  mortality  was  not  appar¬ 
ent,  and  the  overall  low  survival  ainl  slow  growth  suggest  that  this  spe- 
cjf's  is  not  well  suited  to  fluctuating  environments.  Yet,  in  the  mouth 
of  the  nearby  lliiialilla  Kiver,  a  large  population  of  J.  effusus  was  ob¬ 
served  in  the  iijiper  reaches  of  I  he  drawdown  zone.  This  observation  sug¬ 
gests  that  plants  on  Tier  3  (1.5-ft  inundation)  should  have  performed 
reason.jbly  well.  Apparently,  some  unknown  environmental  condition  was 
res()onsible  for  this  d  i  sc  rejiancy  . 

84.  Polygonum  persicar^^  This  species  was  planted  at  the  Cold 
Springs  site  in  June  of  1980.  One  month  after  planting,  60  percent  of 
tfie  plants  were  alive,  but  survival  declined  throughout  tfie  summer  and 
all  plants  died  tiefore  winter.  Covit  never  exceedinl  25  percent,  and 
maxinium  plant  height  was  43  cm. 

85.  Although  this  species  did  not  succeed  at  Cold  Springs,  it 
performed  well  in  eight  demonstration  plots  at  the  control  pool.  Two 
plots  were  planted  on  each  of  tiu'  four  tiers  in  1979,  and  all  plants 
prodiued  flowers  and  seed.  Despite  the  fact  that  prevailing  winds  are 
from  the  west  arid  tlu'  plots  were  locaterl  on  the  east  levee,  numerous 
seedlings  of  P.  persicaria  were  observed  throughout  the  length  of  the 
pool.  It  was  the  principal  volunte(*r  species  on  the  inundated  tiers  in 
1980.  This  species  cont inur'd  to  reproduce  in  1981  and  1982,  although 
its  dominancr'  was  re<luceil  as  other  volunteer  sfrecies  became  t'st  ab  I  i  she<i . 
Also,  in  1982,  several  P.  persicaria  plants  emerged  at  Cold  Springs  dur¬ 
ing  an  extended  drawdown  period  in  ,lunt'.  These  plants  reached  a  height 
of  70  to  80  cm  and  rema  i  neil  after  the  site  flooded  i  ti  July. 

86.  These  observations  suggest  that  P.  persicaria  has  potential 
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for  use  in  revegetating  drawdown  zones  in  the  power  production  reser¬ 
voirs  of  the  Columbia  River.  A  drawdown  of  several  weeks  duration  or 
more  and  frequent  fluctuation  appear  to  be  critical  for  establishment. 
The  wildlife  usage  potential  for  P.  persicaria  has  been  well  documented, 
because  this  species  can  be  economii'al ly  established  from  seed,  it 
siiould  he  considered  for  use  in  revegetation  projects. 

87.  Sagittaria  lati folia .  Sagittaria  was  planted  at  Cold  Springs 
in  1980.  Initial  survival  (60  percent)  and  growth  (50-  to  75-percent 
cover)  were  encouraging.  Maximum  mean  height  (51  cm)  occurred  on  Tier  2 
No  other  herbaceous  species  at  any  site  achieved  50-  to  75-percent  cover 
in  the  first  season's  growth.  Rhizome  growth  extending  outside  the 
plots  was  also  excellent. 

88.  This  species  survived  through  the  fall  and  senesced  early 
after  having  100  percent  of  its  leaf  blades  grazed  by  waterfowl.  Over¬ 
winter  survival  was  assumed  for  all  plots.  At  the  end  of  April  1981, 
all  plots  had  been  extirpated  by  wildlife  (either  waterfowl  or  muskrats) 
This  extirpation  included  the  experimental  plot  and  the  surrounding 
tuber  growth.  Plants  within  plots  did  not  recover,  but  tubers  on  the 
periphery  of  the  colony  survived.  Survival  and  growth  of  S.  latifolia 
declined  during  the  remainder  of  the  experiment;  there  was  less  than 
1-percent  cover  in  1982. 

89.  Wildlife  usage  continued  through  1981  and  1982  but  was  con¬ 
fined  to  grazing  of  the  foliage  rather  tlian  extirpation  of  the  tubers 
and  rhizomes. 

90.  Because  of  the  wildlife  use  potential  of  this  species  and  its 
initial  growth  rate,  both  in  1980  and  in  another  experiment  (see  section 
”iran.splant  Performance  -  Cold  Springs"),  this  species  should  be  con- 
sider<-d  for  revegetation  of  areas  where  the  leaf  blades  are  exposed  to 
the  atmosphere  at  high  pool.  In  th«-  McNary  pool,  this  would  he  at  eleva¬ 
tions  of  .ipp  rox  i  ma  t  e  1  y  'll  7. 5  ft  and  above.  Because  of  its  attractive¬ 
ness  to  waterfowl  .and  other  wildlife,  sufficient  numbers  should  be 
pl.inted  to  ensure  survival. 

91.  Scirpus  americanus.  Survival  of  this  species  was  more  than 
90  perient  on  all  tiers  in  1979.  However,  <iuring  the  winter,  all  plants 


on  Tiers  1  and  2  died  and  only  45  ptjrcenL  of  the  plants  on  Tier  3  sur¬ 
vived  (Figure  15).  Maximum  plant  height  (45  cm)  was  attained  in  1980, 
and  height  declined  each  year  thereafter.  Cover  percentages  followed 
the  same  trend  as  plant  height,  with  a  maximum  of  50  to  75  percent  on 
Tier  4  in  1980. 

92.  In  the  fall  of  1980,  muskrats  entirely  extirpated  all  eight 
plots  of  S.  americanus  on  Tier  3,  as  well  as  rhizomes  that  had  invaded 
adjacent  plots.  The  species  recovered  very  slowly  from  this  usage  in 
plots  where  one  or  more  rhizomes  survived.  In  1981,  muskrats  again 
entered  the  plots,  hut  were  removed  (trapped)  before  they  could  do  ex¬ 
tensive  damage.  In  1980,  muskrats  restricted  their  activity  to  the  in- 
uixh'ited  tiers;  in  1981  they  were  active  in  noninundated  (Tier  4)  plots, 
hut  were  either  unahle  to  dig  in  the  more  compact  soil  or  were  removed 
before  they  had  extirpated  the  plants. 

93.  Aside  from  the  feeding  ai'tivity  of  muskrats,  no  other  wild¬ 
life  appeared  to  use  S.  americanus.  Surviving  plants  developed  a  gen¬ 
eral  culm  tip  necrosis  and  were  moderately  to  severely  chlorotic  each 
yea  r . 

94.  This  species  is  probably  not  suited  for  <leep  zones,  hut  may 
he  useful  in  the  upper  drawdown  zone  and  along  the  shoreline.  Further 
research  is  needed  to  identify  planting  conditions  or  methods  that  will 
prevent  extirpation  by  muskrats. 

95.  validus .  Eighty-nine  to  95  percent  of  the  plants  sur¬ 
vived  ot)  all  tiers  during  the  season  of  planting,  but  mortality  was  high 
during  the  1979-1980  winter.  Popul.it  ions  within  the  plots  never  com¬ 
pletely  recovered,  and  at  least  25  percent  of  the  plots  on  inundated 
tiers  contained  no  live  plants  in  1982.  All  plants  on  Tier  1  had  died 

by  1982  (Figure  16).  The  cover  values  for  S.  validus  remained  between 
10  and  25  percent,  but  this  does  not  adeipiati'ly  reflect  its  performance 
on  Tiers  2  and  3.  The  siiecies  did  not  perform  well  on  the  noninundated 
tii'r  even  though  the  data  for  the  three  upper  tiers  are  similar.  Plants 
on  Tiers  2  and  3  grew  mostly  outside  the  plots  and  were  repeatedly  cut 
b.K  k  to  prev(>nt  them  from  invading  .iiljacent  plots.  Meanwhile,  the  orig¬ 
in. il  or  older  culms  died.  As  the  rhizomes  recovered,  they  would  grow 
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toward  the  outside  of  the  plot.  If  they  started  within  the  plot,  they 
soon  grew  out  the  other  side  of  the  narrow  plots  and  were  again  severed. 
This  was  the  tallest  herbaceous  species  in  the  experiment.  Height  ap¬ 
peared  to  he  related  to  flooding  depth  within  the  range  of  0  to  3  ft. 
Maximum  height  (142  cm)  was  on  Tier  2  in  1980;  height  of  plants  on 
Tier  4  was  only  90  cm. 

96.  Scirpus  validus  was  affected  from  the  first  season  by  a 
chronic  fungal  disease  that  varied  in  intensity  from  year  to  year.  The 
causal  organism  was  not  identified.  Muskrats  occasionally  cut  culms  of 
S.  validus  hut  did  not  devastate  any  plots. 

97.  Because  Scirpus  validus  was  the  only  species  from  the  1979 
planting  that  survived  for  the  duration  of  the  experiment  at  Cold 
Springs,  it  is  the  leading  candidate  for  use  in  shoreline  revegetat ion . 
It  should  he  noted  that  the  surviving  plants  of  this  sjiecies  at  Cold 
Springs  were  either  in  the  [ir('le(led  vitul  shallow  of  a  nearby  island  or 
near  the  shoreline  wlieie  w.ive  aitioii  was  less  severe. 

98.  Muskrats  i.i  I  as  1  (Ilia  M  y  used  this  speci(>s  for  lodges'  and,  in 
1981,  cons  t  ruet  e<l  ,i  lodge  within  .i  plot  on  Tier  ,1. 

99.  Ti'itolium  wormskj  It  i  1  Initial  survival  of  this  sjiecies 

ranged  from  Ky  lo  9e  i^'Hi  a  tie  i.air  tiers.  However,  by  mid-1980 
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•  I',  oi.  II I  red  spo  rad  I  (  .1  1  I  y  throughout  the 

o  ivMiptoiii  observed.  Cophers,  rabbits,  and 


hares  h.id  a  suhst.inl  i  .i  I  imp.n  I  on  t  ne  growth  ol  pi. Hits  on  Tier  4.  The 
feeding  .irtivits'  of  t  liese  iii.iiiiin.i  I  s  w.is  responsible  lor  the  deert'a.se  in 
t.urviv.il  and  tover  value  on  lier  4.  i  i  oiii  1979  through  1981,  no  feeding 
on  inundated  plots  w.is  oh.served.  However,  in  1982,  plots  on  lier  3  wfi'e 
g  ra /.ed  by  rahh  its. 
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101.  This  species  is  not  suitable  for  use  in  drawdown  zones,  al¬ 


though  it  might  be  uselul  in  moist  upland  habitats. 

102.  Ty^ha  latifoli^.  Initial  survival  of  this  species  ranged 
from  59  percent  on  Tier  4  to  80  percent  on  Tier  3  (Figure  18).  The 
first  year,  overwintering  mortality  was  extremely  high.  All  plants  on 
Tier  1  died  by  mid-1980  and  at  least  75  percent  of  the  plants  on  other 
tiers  succumbed.  Survival  continued  to  decline  throughout  the  experi¬ 
ment.  Stunted,  chlorotic  plants  characterized  this  species  at  the  test 
pool.  Cover  did  not  exceed  10  percent  on  any  tier  during  the  study. 
Maximum  height  (100  cm)  occurred  on  Tier  2  in  1980.  This  species  grows 
prolifically  in  iiiarshe.s  of  the  area.  It  appears  likely  that  the  high  pH 
of  the  soil  was  principally  responsible  for  the  poor  performance  of  this 
species  at  the  control  pool. 

103.  Wildlife  did  not  use  this  species  at  the  control  pool.  Al¬ 
though  this  species  grew  well  on  Tier  3  at  Cold  Springs,  muskrats  cut 
the  new  shoots  off  several  centimetres  above  the  soil  surface  in  the 
spring  of  1980.  The  cut  stems  and  high  water  combined  to  kill  the 
plants  at  Cold  Springs 

104.  The  survival  and  growth  of  this  species  at  the  control  pool 
suggest  it  is  not  suitatile  for  revegetation  of  the  drawdown  zone.  How¬ 
ever,  its  natural  occurrence  near  the  Cold  Springs  site  and  in  many 
other  areas  is  evidence  that  it  is  a  potentially  usable  species,  at 
least  in  tfie  u|)per  portion  of  the  drawdown  zone. 

Woody  spec i es 

105.  Cornus  stoloni (era .  Cornus  saplings  that  had  not  broken 
dormancy  were  planted  at  the  control  pool  in  1980.  More  than  95  percent 
of  the  plants  became  established  on  all  tiers  (Figure  19).  Treatment 
effects  became  apparent  in  1981  and  were  more  pronounceil  in  1982.  There 
was  a  distinct  demarcation  between  plants  on  the  second  tier.  Plants  on 
the  ii[)per  slope  of  this  tier  w’ere  norm.il  while  those  on  the  lower  por¬ 
tion  of  the  tier  appeared  to  be  stressivl,  having  small,  malformed  leaves. 
Survival  rem.i  i  neil  relatively  steady  on  ttie  upper  three  tiers  through 
1982,  hut  decreased  f i om  90  to  57  percent  on  llu'  lowest  tier  (Tier  1). 

106.  Pl.int.s  oil  Tier  I  and  2  did  not  grow  as  rapidly  as  those  on 
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Kijiurc  19.  Survival,  hfiglil,  and  cover  of  Corpus  stolonifera 
at  four  flooding  depths  at  the  control  pool 
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Tiers  3  atid  4.  Cover  actually  decreased  on  Tier  1  between  1981  and  1982. 

2 

Average  cover  of  plants  oti  Tiers  3  and  4  in  inid-1982  was  4,500  cm  /plot. 

107.  C.  stolonifera  is  a  slow-growing  species,  and  plant  height 
did  not  increase  appreciably  during  three  growing  seasons,  even  on  tiers 
where  survival  was  good.  Maximum  height  increase  during  the  study  was 
only  17  cm  (Tiers  3  and  4). 

108.  Deer  were  the  only  wildlife  that  were  documented  as  using 
this  specie's.  They  browsed  it  during  the'  winters  of  1980  and  1981. 

109.  C.  stolonifera  is  meesl  suite-d  for  use  along  the  margin  of 
ri'se'rvoirs  whe're  water  depth  does  not  e'xce-e'd  1.5  to  2  ft.  It  is  a 
shade’- to  1  e rant  specie's  and  did  not  greew  well  on  Tiers  3  and  4  where  it 
was  e’xjxised  to  full  sunlight.  Where-  this  spe'cies  was  partially  or  fully 
shade-d,  the-  plants  had  much  larger  le-ave-s  and  gre-w  taller.  This  would 
iiiilicate-  that  the  spe-cies  might  e-stablish  and  grow  best  if  planting  were- 
I)ost[ione’d  until  other  pione-er  spe-cie-s  had  established  themselves  such 
that  the'y  coulil  shaeie-  Cornus  plantings. 

110.  Elaea^ms  august  i  fol  ia .  The-  first-year  establishment  aver- 

age-d  52  percent,  but  the  first  winte-r  eliminated  the  sjx’cies  from  the 
lowe-st  two  tie'rs  (Figure  20).  Survival  on  the  third  tier  declined  from 
58  to  17  perce'nt  during  ttie  first  winter  and  continued  to  dccliup  until 
the  termination  of  the  ('Xjieriment  (Figure  20).  On  t  lu-  tion  i  uunda  t  ed  tier, 
survival  rema i n<‘d  relatively  constant  at  about  50  percent  during  the 
study.  Plants  on  t  lu-  third  tier  gr<'w  very  slowly,  atid  tlu-ir  height  re¬ 
mained  under  I  m.  Plants  on  the  iiouinuudated  tier  (Tier  4)  grew  very 

well  and  att.iiued  a  mean  iDaximum  hf'ight  o(  4.0  ni .  Area  coveri'd  by  this 
speiies  was  minimal  on  Tier  3,  but  doubl(-d  e.ii  h  ye.ir  on  Tie-r  4  until 

32  m^  (lu'arly  10  t  imes  the  actual  plot  area)  was  lovi’tt’d  in  1982. 

111.  1  h  i  s  specir's  flowered  profusely  in  1982  and  produced  a  large 
crop  of  I  1 11  i  t  .  .Small  songbirds  were  often  seen  on  the  floor  of  the 
plots  s('ar(hing  througfi  l.illeu  le.ives.  These  plots  .i  I  so  provided  cover 
for  rabbits  (eastern  cottontail)  that  freipieiited  the  pond. 

112.  Ill  i  s  species  is  not  suited  lor  use  in  the  dr.iwdowu  zone,  but 

it  is  suitable  for  moist,  upland  si'.i’s.  In  this  a  ri'a  ,  iii.iny  ranchers  con¬ 
sider  the  spei  les  a  wa-ed  because  its  growtli  and  the  thorns  it  produces 
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20.  Siirviv.il.  heiRhl.  a)id  cover  of  Elaeagnus  angustifolia 
at  four  tlooditig  depths  at  the  control  pool 
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can  prevent  rattle  from  using  watercourses.  In  addition  to  ahnndanl 
seed  production,  which  can  hecome  a  nuisance  in  irrigation  systems  by 
plugging  nozzles,  th<'  plants  rejiroduce  vegetatively  by  shoots  from  root 
systems.  Several  check  i)lots  on  Tier  4  were  invaded  and  completely 
taken  over  by  growth  of  this  nature.  Because  of  its  potential  as  a  weed 
species  and  its  dense  population  in  some  areas,  cautious  consideration 
should  precede  its  selection  for  use  in  revegetation  projects. 

113.  Moms  alba.  Survival  of  N.  alba  ranged  from  72  to  9.S  per¬ 
cent  during  the  year  of  estahl  .'  iiment  ,  but  by  midsummer  of  1980,  no  more 
than  8  percent  of  the  plants  on  Tiers  1  and  2  were  alive  (Figure  21). 
Survival  det.  reused  gradually  on  the  upper  two  tiers  and,  by  1982,  sur¬ 
vival  on  Tiers  and  4  was  'M  .iiid  67  percent,  respectively.  Plant 
grou'tb  Was  slow,  and  t  h('  [>lants  never  coalesc'ed  as  did  several  other 
species.  Height  of  plants  on  the-  upper  two  tiers  increased  annually  to 
a  max  I  Ilium  ol  I  16  and  131  cm  oil  1  ler^.  3  and  4,  respt'C  t  i  ve  1  y .  The  area 
covered  by  the  plants  reachc'il  a  peak  in  1981  of  .3  m  per  plot  on  Tier  4. 
Survival  and  growth  suilered  not  only  I rom  the  treatment,  but  from  wild¬ 
life  usage  and  nutrient  deficiency  as  well.  Tlie  jirincipal  wildlife 

d. image  Was  causeil  by  gophers  th.it  eliminated  almost  two  entire  plots  on 
Tier  4  in  1980.  Although  deer  browsed  this  sjx'cic’s,  as  they  did  almost 
.ill  woody  species,  they  did  not  c.iuse  considerable  damage.  Chronic 
chlorosis  .ippeaicd  e.i  i  I  y  In  the  first  year  and  continued  throughout  the' 
diir.iticin  of  t  fie  experiment  .  The  syiiiptom  suggesteci  iron  d(' f  i  c  i  ent'y  .  The 
severity  c.f  the  symptoms  suggests  that  this  was  one  of  the  primary 
c  .iiises  lor  limited  plant  giowtb. 

114.  The  d.it.i  iiidic.ite  th.it  t  li  i  s  species  is  not  suitc'd  for  use-  in 
the  lower  drawdown  zone  ol  reservoits.  It  might  Ix'  iiscul  in  shallow 
waters  w  i  t  ti  longer  or  more  f  recpient  dr.iwdowns  and  on  the  margin  of  reser 
voirs.  A  voliintc’er  plant  cm  Bobbic''s  Beach  produc'ecl  t  rc'mc'iulous  growth 
in  the  lour  summers  ol  this  experiment.  The  planted  specimens  did  not 
produc  e'  as  much  grciwth  but  did  grow  tal  Ic'r  than  most  spc'cimens  at  the* 

c on  t  ro  I  jioo  I  . 

114.  Rihes  aureum.  Performance  of  this  spc'cies  was  very  poor  on 
all  tiers.  I.c-ss  than  14  [lerccnt  of  the  plants  survived  the  first  year. 


and  this  diminished  to  3  percent  by  1982  (Figure  22).  No  plants  sur¬ 
vived  on  Tiers  1  and  2.  Growth,  in  terms  of  both  height  and  cover,  was 

small  and  declined  between  1981  atid  1982.  Height  never  exceeded  50  cm, 

2 

and  cover  was  less  than  0.5  m  throughout  the  study. 

116.  Wildlife  and  insects  did  not  appreciably  damage  Ribes, 
although  it  was  infested  in  1981  and  1982  with  aphids.  Downward 
growth  of  leaves  was  observed  soon  after  the  aphids  appeared,  but  growth 
returned  to  normal  when  the  infestation  ended. 

117.  The  survival  and  cover  data  indicate  that  this  species  is 
not  suitable  for  use  in  revegetation  of  drawdown  zones  or  upland  habi¬ 
tats  under  the  cotiditions  of  this  experiment. 

118.  Robinia  pseudoacacia .  Robinia  survival  during  the  year  of 

planting  was  poor;  about  two-tliirds  of  the  platits  died  that  year.  The 

first  year  overwinter  mortality  was  100  percent  on  all  inundated  tiers. 

Plants  on  the  fourth  tier  remained  small  during  1980,  but  in  1981  they 

began  rapid  height  growth  (Figure  23).  The  data  summarized  in  Figure  23 

do  not  represent  the  true  height  that  this  species  achieved  in  the  plots 

where  it  survived.  Because  the  summaries  are  numerical  averages  and  not 

all  the  plots  contained  plants,  the  mean  height  of  the  surviving  plants 

is  not  fairly  represented.  Plants  that  survived  reached  a  height  of  4 

to  5  m.  Cover  increased  dramatically  on  Tier  4  in  1981  and  continued  to 

increase  iti  1982,  although  at  a  slower  rate.  In  July  1982,  cover  aver- 
2 

aged  13.5  nt  /plot. 

119.  These  data  show  that  this  species  is  unsuited  for  use  in  the 
drawdown  zones  but  that  it  might  be  useful  in  moist  to  dry  upland 

habi tats. 

120.  Rosa  multiflora.  Initial  survival  of  Rosa  ranged  from  40  to 

57  percent  on  the  four  tiers.  Plants  on  the  lowest  tier  succumbed  in 

1980,  and  survival  declined  on  the  remaining  inundated  tiers  (Figure  24). 

In  1981,  survival  stabilized,  hut  only  about  30  percent  of  the  plants 

survived  on  Tiers  2  and  3.  Growth  was  slow  during  1979  and  1980,  but  in 

the  final  2  years,  covt'r  increased  substantially  on  Tiers  3  and  4.  Area 

2 

covered  by  plants  on  both  of  these  tiers  was  slightly  more  that)  13  m  in 
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Figure  24.  Survival,  height,  and  cover  of  Rosa  multiflora 
at  four  flooding  depths  at  the  control  pool 


1982,  even  though  there  were  nearly  twice  as  many  live  plants  on  Tier  4 
as  on  Tier  3. 

121.  Height  of  plants  on  Tiers  3  and  4  reached  a  maximum  of  about 
1.5  m  in  1982.  Wildlife  such  as  rabbits,  cjuail,  and  pheasant  used  this 
cover.  Rosa  displayed  mild  to  severe  chlorosis  sporadically.  The  symp¬ 
toms  were  more  widespread  and  severe  in  the  first  2  years  of  the  experi¬ 
ment.  In  1981,  two  plots  were  attacked  by  downy  mildew,  but  the  plants 
recovered  in  1982. 

122.  Salix  fragil is.  Surviv.il  of  this  species  was  good  to  excel¬ 
lent  (69  to  96  percent)  on  all  tiers  during  the  first  year  of  establish¬ 
ment.  In  1980,  survival  on  the  first  tier  dt'crease<l  to  50  percent,  but 
few  plants  died  on  other  tiers.  The  number  of  live  plants  remained  rel¬ 
atively  constant  on  all  but  Tier  2  after  1980  (Figure  25). 

123.  Growlli  of  this  species,  as  indicated  by  height  and  cover, 
was  excellent,  especially  on  Tiers  3  and  4.  Height  and  cover  increased 
each  year  on  every  tier,  being  most  rapid  on  Tier  3  and  slowest  on 
Tier  1.  Cover  in  1982  ranged  from  2.5  m^  on  Tier  1  to  34  m^  on  Tier  3; 
maximum  height  was  5  m. 

124.  Wildlife  used  this  species  for  both  cover  and  food.  Deer 
browsed  on  it  the  first  two  winters,  and  songbirds  and  rabbits  used  the 
foliage  for  cover.  Muskrats  occasionally  removetl  small  branches,  atid 
beaver  cut  substaulial  amounts  of  S.  fragilis  at  Cold  Springs  atul 
Bobbie's  Beach.  Insect  populations  became  high  eriough  each  year,  except 
1979,  to  warrant  control.  The  first  year,  populations  of  mourning  cloak 
butterfly  and  cottonwood  beetle  larvae  required  control  measures.  Dur¬ 
ing  the  summer  of  1981,  tent  caterpillars  were  controlled,  and  in  the 
fall,  a  massive  aphid  infestation  was  controlled.  The  inoijrning  cloak 
butterfly  larvae  and  larvae  of  cottonwood  beetle  rc'turned  but  did  not 
become  numerous  eriough  to  Justify  control. 

125.  Disease*  did  not  become  a  problem  until  1982.  Thr*  speeii*s 
did  not  show  the*  chlorosis  displaye*d  by  several  herb.ueous  species  and 
Morus  alba,  although  two  trees  in  a  single*  plot  on  the  si'cond  tier  died 
suddenly  in  1981.  The*  c.iuse  was  not  de*t  e*rm  i  ne*d ,  and  no  oth(*r  plants 
appeared  affected  that  year.  In  the  spring  (.if  1982,  a  widespread 
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ahsrission  of  leaves  was  followed  by  necrosis  of  the  branch  and  eventual 
death  of  the  tree.  Plant  pathologists  ruled  out  a  pathological  causal 
agent,  so  the  symptoms  are  likely  the  result  of  a  physiological  disorder 
brought  on  by  treatment,  nutrient  deficiency,  salinity,  pH,  or  perhaps  a 
comlii  nation  of  these. 

126.  These  data  indicate  that  S.  fragjlis  is  suitable  for  the  en¬ 
tire  drawdown  zone  (’4.5  ft)  and  for  non  inundated  shorelines.  Work  at 
the  Cold  Springs  site  (see  "Transplant  Performance  -  Cold  Springs")  sug¬ 
gests  that  cuttings  of  this  species  for  planting  should  be  tall  enough 
to  permit  some  foliage  to  protrude  into  the  atmosphere  during  high  pool, 
especially  when  drawdowns  are  i  n  f  re<|ueiit  .  Cuttings  should  be  planted  in 
sufficient  numbers  to  withstand  leediiig  |>ressure  from  beaver,  and  plant¬ 
ing  technicjues  or  protective  mc-asures  that  prevetil  ice  damage  should  be 
emp  1  ciyecl . 

127.  S^nc_  las  iandra .  Fi  fty-cMght  to  70  perccnil  of  the  plants 
became  established  the  first  year  (Figure  26),  but  survival  decreased 
gradually  during  the  remainder  of  the  ex|)erimenl.  Bc'St  siirvival  was  on 
Tic'r  '3  (45  percent  in  1082).  Growth,  as  measured  by  cover  and  height, 
increased  c'ach  year  on  all  tiers  except  for  the  first,  where  it  remained 
stable.  Maximum  jilarit  height  (,'3.9  m)  and  cover  (2,'3  m^ )  were  achieved  on 
Tier  .'5  in  1982. 

128.  liinis  and  snwi  I  I  mammals  used  S.  lasiandra  for  cover.  Deer 
lightly  hrciwsed  this  species  each  winter.  In  1981,  a  riroderale  infesta¬ 
tion  of  tent  caterpillars  was  c  out  rci  1  I  c'd ;  otherwise,  the  species  was  not 
substantially  affecleil  by  insects. 

129.  Mild  to  inoilerate  chronic  chlorosis  occurred  on  Tier  4,  and 
these  plants  appeared  stunted. 

IdO.  'Die  scaircc  material  for  the*  plants  used  in  this  experiment 
came  from  the  blue  River  Ki-servoir  in  central  Oregon  on  the  wc'st  side  of 
tfie  Cascades.  Die  parcuit  material  re-cc-ives  a  maximum  of  45  ft  of  i  nun- 
claticm  each  ye.ir,  luaia  I  I  y  efuting  t  lie-  .siimmc'r.  The  rc' I  o  ri“ ,  the  parent 
mater  ill  has  s  liov,  n  the  pi  1 1  c  ■  n  t  i  .i  I  to  w  i  I  li.s  I  a  ml  cic’c'p  ,  p  rci  I  onged  f  I  ooci  i  ng  . 
However,  tills  study  did  not  document  such  a  degree  of  flood  tolerance 
iisinti  t  raiis(i  I  ant  s  It  indicated  only  that  this  specic-s  should  pc-rform 
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6.  Survival,  ht'ighl,  ainl  rovrr  ol  Salix  lasiandra 
at  four  flooding  dc'pths  at  the  control  pool 
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satisfactorily  in  drawdown  zones  where  the  water  does  not  exceed  about 
3  ft  at  high  pool. 

131.  Salix  purpurea  var.  nana.  Initial  survival  of  S.  purpurea 
ranged  from  60  percent  on  Tier  1  to  4  percent  on  Tier  4  (Figure  27). 

About  one-third  of  the  plants  on  Tier  1  died  the  first  winter,  but  plant 
populations  on  other  tiers  remained  stable.  Thereafter,  there  was  no 
further  mortality  and  plants  grew  well.  Plant  height  and  cover  in¬ 
creased  gradually  during  the  study  on  every  tier.  Maximum  plant  height 
(172  cm)  was  on  Tier  3  in  1982.  Plant  height  was  influenced  by  the 
shrubby  growth  habit,  as  compared  with  the  tree  growth  habit  of  S.  fra- 
gilis  and  S.  lasiandra.  This  was  the  first  species  to  coalesce,  prob¬ 
ably  also  because  of  its  growth  habit.  Areal  cover  of  this  species  at 

2  2 

the  end  of  the  study  ranged  from  4  rn  on  Tier  1  to  18  m  on  Tier  3. 

132.  Wildlife  used  this  species  for  cover  and  food.  In  1981,  a 
muskrat  started  to  build  a  lodge  on  Tier  3.  Pheasants,  quail,  songbirds, 
rabbits,  and  mink  used  this  species  for  cover.  All  the  plots  of  S.  pur¬ 
purea  planted  in  1980  at  Cold  Springs  were  harvested  by  beaver.  Deer 
occasionally  browsed  this  plant.  Insects  did  not  damage  this  species, 
and  only  in  1982  was  a  mild  chlorosis  observed  in  the  leaves  of  plants 

on  Tier  4. 

133.  If  it  were  not  for  the  initially  low  survival  rate  of  this 

species,  S.  purpurea  could  well  be  the  best  woody  species  evaluated.  The' 

low  survival  rale  probably  is  largely  attributable  to  the  condition  of 

the  plants  at  the  time  of  planting  in  1979.  While  plants  were  held  for 

70  days  in  buckets,  they  sprouted  both  roots  and  shoots;  then,  the 
shoots  were  browsed  by  beaver  before'  the  plants  were  transferred  to  deep 
shade.  In  the  shade,  they  again  sprouted  new  leaves  before  being 
planted  in  temperatures  of  38°  C.  The  resprouted  leaves  had  developed 
in  deep  shade  and  wilted  iminedialely  upon  t  ransp  I  .int  i  ng .  A  widespread 
shedding  of  bark  was  noted  on  the  slips  that  did  not  survive.  In  con¬ 
trast,  when  dormant  material  was  planted  at  Cold  Springs  in  May  198u, 
nearly  100  percent  of  the  slips  that  were  100  cm  tall  became  established. 

134.  This  species  should  be  suitable  for  usr'  throughout  the 
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Figure  27.  Survival,  lieiglit,  an<l  cover  of  SaJix  purpurea 
var.  nana  at  four  flooding  depths  at  the  control  poo] 


(Irawflown  zotip  and  on  reservoir  margins.  The  plants  should  !)e  protected 
from  beaver. 

135.  Sambucus  cerulea.  The  initial  survival  of  Sambucus  was  very 
poor  and  ranged  from  2  percent  on  Tier  1  to  21  percent  on  Tier  3.  Mor¬ 
tality  was  100  percent  by  the  middle  of  1980  on  all  inundated  tiers. 
Survival  declined  each  year  on  Tier  4,  from  18  percent  in  1979  to  5  per¬ 
cent  in  1982.  Growth  of  surviving  plants  was  slow  during  the  first 

3  years  and  declined  slightly  during  the  fourth  year  (1982).  Maximum 

2 

height  was  only  34  cm  and  maximum  area  covered  was  0.4  m  . 

136.  Wildlife  did  not  use  this  species,  and  no  insect  usage  or 
damage  was  observed.  The  plants  were  chronically  chlorotic,  and  por¬ 
tions  of  the  leaves  were  necrotic  yearly. 

137.  This  species  is  not  suitable  for  use  in  revegetating  shore¬ 
lines  under  the  conditions  of  this  study.  However,  several  healthy 
Sambucus  plants  were  observed  within  the  McNary  Wildlife  Park,  which 
suggests  there  may  be  some  value  in  its  use  in  moist  and  upland  habitats. 
yoluii_te_e£  plants 

138.  Plants  that  invaded  check  plots  at  the  control  pool  are 
listed  in  Tables  15  and  16.  Only  those  species  with  densities  greater 
than  five  p 1  ant s/squa re  metre  on  any  sampling  date  and  on  any  tier  (con¬ 
tour)  a  re  I i s  t ed . 

139.  Twenty  species  were  present  in  the  woody  check  plots,  and  23 
species  were  f)resent  in  the  herbaceous  check  plots.  Of  these,  14  spe- 
lies  were  common  to  both  categories  of  check  plots.  Generally,  the  num¬ 
ber  of  species  on  a  given  contour  doubled  or  tripled  between  1980  and 
1981,  and  then  the  number  of  species  remained  relatively  stable.  The 
numbf'r  of  .s[>e(  ies  on  the  lowest  contour  (Tier  1)  was  only  about  half  the 
number  on  the  up[>er  three  contours,  which  were  similar. 

140.  Eleocharis  coloradoensis  (dwarf  spikeriish)  dominated  the 
)()west  ((intoiir  (Tier  1),  and  plants  were  so  numerous  that  data  for  1981 
and  1982  are  ex[)ressed  as  pt'rcent  cover  instead  of  plants/square  metre. 
Cover  of  dwarf  spikerush  increased  each  year  an<l,  by  July  1982,  there 
was  78-percent  cf)ver  on  the  nonj)lanted  plots  on  Tier  1.  Other  species 
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that  were  numerous  on  this  contour  were  Polygonum  persicaria  and  Grati- 
ola  spp. 

141.  Eleocharis  coloradoensis  dominated  the  second  tier  in  1980, 
but  the  population  decreased  dramatically  in  1981.  Thereafter,  Polygo¬ 
num  persicaria  and  Gratiola  spp.  were  codominant  on  this  tier  and,  in 
1982,  Deschampsia  caespitosa  also  became  a  codominant  species.  Epi- 
lobium  spp.  and  Poa  annua  were  also  numerous  in  the  nonplanted  plots  in 
1982. 

142.  Polygonum  persicaria  and  Epilobium  spp.  dominated  the  third 
tier  plots  in  1980,  but  thereafter,  P.  persicaria  declined  and  was 
replaced  by  Deschampsia  caespitosa  as  the  codominant  species  during  1981 
and  1982.  Gratiola  spp.  was  abundant  on  check  plots  in  the  woody  block 
in  1081,  but  was  completely  absent  from  plots  in  the  herbaceous  block. 
This  ai)parenl  discrepancy  cannot  be  ex|>lained,  as  Gratiola  was  the  domi¬ 
nant  spccie.s  in  herbaceous  cht'ck  plots  on  Tier  2  in  1981. 

143.  On  the  non  flooded  tier,  Bromus  tectorum,  Conyza  canadensis, 
and  an  Epilotiuni  sp(‘cies  were  codominant  every  year.  Many  Elaeagnus 
angustifolia  seedlings  (67/s(iuare  metre)  became  established  on  the  her¬ 
baceous  check  plots  in  1981,  biit  this  number  diminished  to  only  3/sqijare 
metre  £.  angustifoiia  plants  in  1981,  and  this  number  remained  rela¬ 
tively  constant  in  1982. 

144.  iff  the  five  specie's  that  were  ilominant  or  codominant  on  the 
inundated  tieis.  thrt'e  were  species  that  werre  planted  in  th(>  pool  (Eleo¬ 
charis  coloradoensis.  Polygonum  persicaria,  and  Deschampsia  caespitosa) . 
He’precluct  I  >’(■  strncLurer.  or  se-ed  of  Gratiola  spp.  and  Epilobium  spp.  came 
from  other  sources.  Couverselv,  none*  of  the  dominant  or  codominant  spe¬ 
cie's  iTi  th*'  non  :  nund.i  t  ed  tie-r  were  species  that  had  been  planted  at  the 
juAil.  However,  it  is  anticipated  that  Elaeagnus  angustifolia,  a  planted 
species,  would  dominate  <'Ventually. 

rrans]'lant  Pe r  1  orni.inre  -  Cold  Springs 

I4h.  in  addition  to  treatment  effect,  several  abiotic  and  biotic 
f.aitors  roinbined  to  redui  e  species  survival  and  j)lant  growth  at  the  Cold 
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Springs  mudflat  site.  Three  contours  at  0 . 25- f t -el eva t i on  intervals 
were  established  at  Cold  Springs.  When  the  forebay  elevation  was  at 
gross  pool  level,  the  tiers  were  sul)merged  a  maximum  of  2.5  ft  (76  cm). 
Treatments  of  water,  depths,  and  durations  fluctuated  in  nonrandom,  in¬ 
determinate  fashions.  As  shown  in  Table  4,  treatments  (pool  elevations) 
varied  considerably,  but  tended  to  be  flooded. 

146.  The  tliree  most  influential  factors  other  than  treatment  that 
affected  first-year  survival  occurrrnl  in  sequence  from  early  August  197') 
through  March  1980.  In  early  August,  a  bloom  of  the  filamentous  algae 
Cladophora  developed  a  massive*  cover  on  the  herbaceous  and  woody  plants. 
When  the  lorebay  elevatioci  was  high,  the  algae  floated  and  shaded  the 
plants.  When  the*  forebay  elevation  was  low,  the  algal  mats  weighed  down 
and  smothered  many  of  the  surviving  plants.  The  stiffer  herbaceous  spe¬ 
cies,  such  as  softsteni  bulrush  (Scirpus  validus)  and  cattail  (Typha 
latifolia),  and  the  woody  species  that  had  not  already  succumbed  to 
treatment  withstood  the  weight  ot  the*  mat.  Plants  wt'ighed  down  by  the 
algal  mats  did  not  recover.  The  algal  mat  persisted  until  colder 
weather  arriveil  during  October. 

147.  The  wildlife  were  the  s<*cond  lactor  to  affect  the  plants  at 
Cold  Springs.  In  particular,  waterfowl  grazecl  the  remaining  herbaceous 
plots,  and  ii/uskrals  harvested  bulrush  and  cattail.  The  bulrush  recov¬ 
ered,  but  the  c  .1 1  I  a  1  I  did  not. 

148.  During  .lanuary  and  February  1980,  low  tenijeeratures  froze  tin* 
water  at  th  is  site,  so  th.il  woody  st  c-ms  developc'd  an  ice  accumulation  at 
the  w.iter  surlaci*.  I  be  buoyancy  of  the  ice  and  wave  action  combined  to 
extrac  t  the  woody  stems.  Nearly  al  I  wceoefy  transplants  were  removed. 

The  (Jiily  spec  ies  th.it  survived  were  tlie  willows,  tint  these  subseeprent  1  y 
succumbed  to  treatment.  Several  plants  survivc-d  through  two  more  sum- 
mc*ts,  but  jilant  growth  was  very  limited;  plant  lu’ight  did  nert  exceecl 
20  cm. 

149.  Ihc*  only  species  tli.it  survived  to  the  complc*tion  of  the  ex¬ 
periment  from  the  I97‘)  planting  w.rs  soflstc*m  bulrush  (^Scirpus  validus). 
It  rem.i  i  nei|  in  c*ight  of  the  twc’lve  original  plots.  Of  these,  plants  in 


all  but  one  plot  grew  in  an  outstanding  manner.  Table  17  gives  height 
and  cover  data  for  these  plots. 


Table  17 

Scirpus  validus  Height  and  Cover,  July  1982,  Cold  Springs 


150.  These  plots  were  not  wet'ded  during  the  experiment;  thus,  the 
d.U.i  indicate  the  ability  of  S.  validus  to  expand  under  the  test  condi¬ 
tions.  Although  the  species  survived  on  .ill  three  tit'rs,  the  greatest 
nuinlier  of  plots  containing  live  plants  was  on  the  third  tier;  there  were 
only  two  plots  with  live  plants  in  each  of  tin-  low(>r  two  tiers.  Seven 
of  the  plots  were  protected  from  the  full  force'  of  the  '.'inter  wind  and 
wave  action  by  the  presencf'  of  a  sni.i  I  1  islami  or  by  being  close  to  the 
main  shore.  Plants  in  one  plot  on  the  first  tier  that  received  more 
exposure  grew  poorly  compared  to  the  more  jirotected  plots. 

1.51.  Alter  the  first  year's  survival  and  growth  performance  was 
assessed,  it  was  suspected  that  a  primary  couf r i but i ng  factor  to  the 
overall  poor  performance  at  Cold  Springs  was  initial  j'lanting  height. 

In  the  original  experiment,  all  plants  h.id  au  initial  height  of  6  in. 

To  test  the  influence  of  transplant  height,  three  species  were  planted 
with  an  initial  planting  height  of  dO  cm.  This  planting  height  permitted 
some'  stems  and  le'aves  to  be  continually  above  gross  yioo  1  e'Icvation. 

This  also  permitted  alg.u'  to  cling  to  the-  lowt'r  portions  of  the  stem 
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Parameter 

Tier  1 

Tier  2 

Tier  3 

Height  (cm) 

151 

162 

153 

13A 

172 

205 

195 

■  '  -J 

200 

Mean  (cm) 

143 

167 

213 

Area  (m^) 

14.98 

12.34 

13.22 

m 

0.36 

13.53 

8. 18 

18.41 

23.06 

,  2 

Moan  (m  ) 

7.67 

12.94 

15.72 
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without  adversely  affecting  leaf  an<l  stem  formation  above  the  high-water 
line.  Greater  plant  survival  and  growth  was  anticipated  from  the  taller 
shoots  because  more  photosynthetic  tissue  would  be  exposed  to  light, 
thereby  increasing  root  growth.  The  better  developed  roots  should  tend 
to  increase  anchorage  against  the  winter  ice  formation. 

152.  Tiie  three  species  Salix  fragilis ,  Salix  purpurea  var.  nana, 
and  Cornus  stolonifera  were  planted  in  June  1980.  The  plant  growth  in 
1980  was  greater  than  that  occurring  prior  to  the  algal  bloom  in  1979. 
However,  wildlife  again  impinged  upon  the  plants.  One  or  more  beavers 
harvested  willows  from  the  entire  experiment,  starting  first  with  the 
Salix  fragilis  and  moving  on  to  the  Salix  purpurea  when  the  supply  of 
the  former  was  exhausted.  The  animal  also  harvested  some  dogwood  but 
did  not  completely  harvest  the  plot.s.  The  plants  were  cut  to  within 

a  centimetre  or  two  of  the  soil  surface,  and  they  did  not  recover  the 
following  year. 

153.  Because  of  the  relatively  good  growth  of  the  willows  in 
1980  before  the  beaver  cut  them,  twelve  plots  were  replanted  with  Salix 
fragilis  in  1981  and  enclosed  with  2-in.  woven  poultry  wire  to  exclude 
the  beavers.  These  willows  were  planted  using  material  of  two  heights: 
36  cm  (short)  and  86  cm  (tall).  The  shorter  planting  height  greatly 
reduced  establishment  (Table  18).  The  enclosures  were  successful,  and 
plant  growth  was  comparablf'  to  the  lirst  year's  growth  at  the  control 
pool.  Again,  in  the  winter  of  1981-1982,  ice  accumulated  on  the  stems 
of  the  plants  and  extracte<l  many  of  them.  The  plants  that  survived  the 
ice  accumulation  (all  plants  accumulated  ice)  were  those  that  were  most 
protected  from  the  wave  action  by  the  island.  The  experiment  was  re¬ 
peated  in  the  spring  of  1982.  In  July  1982,  be.iver  iienetrated  the 
enclosures,  apparently  by  forcing  the  wire  between  posts  to  collapse 
during  a  period  of  high  water,  and  tut  the  willows  ofl  at  either  the 
high-water  mark  or  just  above  the  soil  surface.  Those  plants  that  were 
cut  near  the  soil  surface  succumbe.l  .as  in  previous  years,  but  those  that 
were  cut  .at  the  high-water  mark  re^:,rew  quickly. 

15A.  In  1980,  four  add  i  t  i  oti.i  i  herbaceous  specie.s  were  planted: 
tfie  sedges  Care.Y  lynbgei  aiul  Carex  sheldonii;  the  smatlweed.  Polygonum 
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pers  icaria  ;  and  rluck-ixit  a t  o  ,  Sagittaria  lati  folia  .  Table  19  summarizes 
th(>  perloriiiance  of  tiiese  plants  during  the  season  of  planting.  Carex 
sheldonii  sin'iunii)ed  after  2  months.  The  sedge  Carex  lyngbyei  and  smart- 
weed  did  not  survive  the  first  winter.  However,  55  percent  of  the  duck 
potato  plants  survived  the  winter.  In  July  1981,  duck  potato  surpassed 
5()-percent  cc.’.erage  o;i  the  third  tier  and  25-  to  50-percent  coverage  on 
the  first  and  second  tiers.  Tlie  lower  values  in  October  1980  resulted 
1  roni  senescence  of  the  aei'eal  parts.  in  early  spring,  waterfowl  or 
muskrats  extirpated  t  fie  tufiers,  and  no  plants  survived  on  the  lowest 
tier.  On  ttie  second  and  third  tic*rs,  25  and  50  jiercent  of  the  plots  had 
1  I  vc^  plants.  Ry  8c'|)tc‘mber ,  survival  had  dc'clined  to  zero  on  the  lowest 
tier  and  25  pc-rcent  on  t  fie  sc'cond  and  third  tiers.  Cover  decreased  to 
less  than  25  percent  in  the  surviving  plots.  Plants  remained  alive  in 
1982,  but  they  diil  not  grow  we  1  I  . 

Table  19 

Pc'r  f  orm.inrc'  of  fOur  Herhaoeou.sf^c'c^i  es  ,  October  19M 


T  i  c;  r 

Plants/Plot 

He  i  gilt  (cm) 

Cover' 

Carex  lyngbyei 

1 

2.3 

23.2 

1.8 

2 

5.0 

21  .3 

2.3 

:i 

6.5 

CM 

2.8 

Ca rex  shel don i i 

1 

0.0 

-- 

1.0 

2 

0.0 

-- 

1 .0 

.1 

0.0 

1.0 

Po  iygaiumi  pern  icaria 

1 

2.5 

28.  1 

1  .3 

2 

0 . 5 

19.7 

1 .0 

j 

2.0 

11.8 

1 .0 

Sagittaria  latifolia 

1 

3 .  .3 

30 . 8 

1  .5 

2 

6.8 

25.3 

1 .0 

i 

6.3 

-- 

1 .0 

JML- 
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Me. in  v.i  I  lies  ;  I,  '1  percent;  2,  1-10  pc-rccuil;  J,  11-25  perrcMit. 

r/,' .  Ihe  growth  .iiid  surviv.il  ol  Sagittaria  in  tin'  first  inonlhs 
after  (ilanting  mi  19Ki)  .ind  the  v.  i  1  il  I  i  I  e  us.ige  indicated  that  this  spe¬ 
cies  w.iri.inted  fiirllier  rese.ireh.  A  replic.ited  expe  r  i  men  I  was  established 
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in  1981  in  which  duck  potato  was  planted  in  exposed  and  enclosed  plots. 
Knclosed  plots  were  covered  with  2-in.  woven  poultry  wire.  These  plants 
performed  well,  as  in  the  previous  year.  Some  of  the  plot.s  exceeded 
90-percent  cover.  Waterfowl  grazed  the  leaves  and  petioles  of  the  ex¬ 
posed  plants  as  in  1980.  During  the  fall  of  1981,  muskrats  and  water- 
fow'l  extirpated  plants  in  and  around  the  exposed  plots  hut  did  not  ap¬ 
pear  to  enter  the  covered  plots.  In  the  spring  ol  1982,  duck  potato 
was  observed  around  the  periphery  of  the  extirpated  area,  lint  very  few 
plants  grew  within  the  covered  plots.  Survival  on  a  plot  basis  was 
50  percent  and,  on  a  per  plant  basis  (one  shoot  system  equaling  one 
plant),  the  survival  was  below  10  percent.  The  low  rf'covery  within  the 
covered  plots  appeared  to  be  due  to  siltation.  Silt  in  the  covered 
plots  was  3  to  6  cm  deeper  than  on  the  surrounding  area. 

Transp lant  Fe r formance  -  Satid  Heach 

156.  In  June  1979,  a  shoreline  experiment  was  established  on  a 
sand  beach  that  consisted  of  three  contours  of  plots  containing  the  same 
species  planted  at  the  control  pool  except  for  Cornus  stolonifera.  Two 
of  the  contours  wore  in  the  drawdown  zone,  with  a  maximum  inundation  of 
2  ft  on  the  lowest  tier.  The  uppermost  tier  was  just  abo\' '  gross  pool 
elevation.  During  the  third  week  after  planting  was  completed,  two 
windstorms  struck  the  site.  In  all,  the  resultant  wind  and  wave  action 
removed  or  covered  86  percent  of  the  plots.  Reestablishment  of  the  ex¬ 
periment  was  economitally  impossible.  At  the  end  of  the  4-year  study, 
the  site  contained  eighteen  surviving  y)lots  or  6  percent  of  the  original 
324.  Fourteen  of  these  were  woody  plots  and  four  were  herbaceous  plots. 
Five  woody  plots  remained  on  the  second  tier  an<i  the  rest  were  on  thc' 
third  tier.  One  of  the  four  herbaceous  plots  was  on  the  second  tier 
while  the  other  lour  were  on  the  u[)fier  tier. 

157.  Softstem  bulrush  (Scirpus  validus)  was  the  only  lu'rbaceous 
spcf'ies  that  was  not  washed  out  or  buried.  Growth  of  this  sjiecies  was 
stable,  with  only  small  changes  in  t  lu’  area  covered  during  the  first 
three  seasons.  However,  in  1982,  bulrush  began  to  exy)and  laterally 
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through  rhizome  extension.  Other  herbaceous  species  that  survived  on 

the  third  (not  inundated)  tier  were  tufted  hairgrass  (Deschampsia  caes- 

pitosa)  and  the  sedges  Carex  vulpinoidea  and  C.  rostrata.  Rodents 

grazed  heavily  on  hairgrass,  and  by  July  1982,  hairgrass  cover  was  less 
2 

than  10  cm  .  Two  clumps  of  Carex  vulpinoidea  flowered  in  1981  but 
failed  to  flower  in  1982.  Foliage  was  chlorotic  in  1982.  Wildlife  ap¬ 
parently  did  not  use  this  species.  Cover  of  Carex  rostrata  increased 
substantially  during  the  four  seasons.  It  flowered  each  year  after  the 
first  season,  but  was  chronically  chlorotic. 

158.  A  summary  of  the  woody  plant  survival  is  given  below.  The 
mean  number  of  plants  per  plot  surviving  was  calculated  on  the  basis  of 
the  plots  that  remained  after  the  windstorms. 


Species 

Tier  2 

Tier  3 

Sambucus  cerulea 

0.0 

0.0 

Salix  fragilis 

2.5 

3.0 

Elaeagnus  angusti folia 

4.0 

4.5 

Morus  alba 

5.0 

8.5 

Salix  purpurea 

0.0 

1.0 

Rosa  multiflora 

0.0 

2.0 

Fibes  aureum 

2.0 

2.0 

Salix  lasiandra 

0.0 

0.0 

Robinia  pseudoacacia 

0.0 

0.0 

159.  Mulberry  (Morus  alba)  survived  in  the  greatest  numbers  while 
crack  willow  {Salix  fragilis)  achiex'ed  the  best  growth.  In  March  1982, 
several  crack  willow  plants  w'ere  cut  to  the  soil  surface  by  beaver,  but 
they  had  regrown  substantially  by  July  1982.  The  growth  of  crack  willow 
and  golden  i-nrrant  (Fibes  aureum)  approached  or  exceeded  the  growth  of 
the  same  species  on  the  fourth  tier  of  the  control  pool. 

16(1.  Although  species  frequency  and  density  were  not  dett'rminei 
for  pioneer  species  at  Bobbie's  Beach,  general  notes  w'ere  taken.  The 
first  year,  tin-  pionet-r  vegetation  consisted  |)riinarily  of  cocklebur 
(Xanthium  spp.)  and  russiaii  thistle  {Salsola  kali)  with  scattered  four- 
o'clock  (Oenothera  spp.)  plants. 


161.  In  1981,  the  dominant  volunteer  species  was  white  sweet- 
clover  (Melilotus  alba)  down  to  the  high-water  mark  with  a  scattering  of 
Xanthixm  spp.,  Conyza  spp. ,  Rumex  crispus,  Oenothera  spp.,  Salsola  kali, 
big  sagebrush  {Artemesia  tridentata) ,  and  cheatgrass  (Bro/nus  tectorum) . 
In  1982,  the  single  herbaceous  check  plot  contained  cheatgrass  and  sedge 
(C.  rostrata) ,  which  invaded  from  the  adjacent  plot.  The  second  tier 
woody  check  plots  contained  sparse  cheatgrass  and  a  mixture  of  the  pre¬ 
viously  mentioned  species  with  no  single  species  dominant  in  either  fre¬ 
quency  or  cover.  One  of  the  woody  check  plots  on  the  third  tier  washed 
out  and  the  other  contained  cocklebur,  fo"r  o'clock,  and  cheatgrass. 

The  climax  community  could  be  riparian  in  nature  with  the  colonial  wil¬ 
low  species  Salix  exigua  extending  into  the  site,  or  the  climax  commu¬ 
nity  could  consist  of  sagebrush,  bitterbrush,  and  cheatgrass.  This  com¬ 
munity  is  the  doiiur\ant  rangeland  community  of  the  surrounditig  hillsides. 

162.  The  surviving  woody  plants  most  resembled  plants  on  the 
fourth  tier  of  the  control  pool,  although  none  of  the  species  exceeded 
the  performance  of  control  pool  species.  Russian  olivi?  (Elaeagnus 
angustifolia),  for  instance,  was  short  and  spindly  compared  with  plants 
of  this  species  at  the  control  pool.  Multiflora  rose  (Rosa  multiflora) , 
crack-willow  (Salix  fragilis) ,  and  Salix  purpurea  var.  nana  flowered. 

The  remaining  species  did  not. 

16'!.  After  the  loss  of  plots  during  the  first  season  due  to  ero¬ 
sion  and  sand  deposition,  beach  stabilization  and  pi  ant i ng- t echn i que 
stniiic;  were  undertaken.  The  first  study  consisted  of  three  similar 
t  echn  i  ipies .  On  ifie  lowest  level,  reed  r<>l]s  constructed  from  woven 
poultry  wire  .iU'i  three  plant  species  (soft-stem  bulrush  {Scirpus 
vilidui)  .iiid  tl.e  seilges  Carex  rostrata  and  C.  obnupta)  were  useil.  Heed 
rolls  were  p.rci  i.illy  buried  in  the  soil  anil  wr'igfited  with  rocks.  The 

rceii  ro  (  i  s  VM're  then  wired  to  i- 1  t  lettgllirr  of  reh.ar  driven  flush  witli 

'  hr’  soil  s  n  i'  1  .a  ee  . 

1  (j  a  .  Ai  in  elev.it  ion  12  in.  higher  on  the  hank,  10-  by'  10-lt 

wi  I  low'  III. its  were  e  v,i  I  n.j  I  ed  .  !'l  rt:-  wen-  eAi.iv.iled  to  a  depth  i:  f  8  in. 

mil  then  10-ft  lengths  ol  the  willow  Salix  exigua  were  pKaced  in  tin* 

•'XI  .1  va  t  1  on  pe  rpejiil  i  eii  1 ,1  r  to  the  stu.-ie  so  th.il  the  entire  plot  w.rs 
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covered.  Intermixed  with  these  branches  were  several  10-ft  lengths  of 
white  mulberry  (Morus  alba)  cut  from  a  nearby  bush.  The  willow  was  col¬ 
lected  from  a  nearby  riparian  area.  Mats  were  anchored  using  two  10-ft 
lengths  of  rebar  laid  parallel  to  the  shore  and  across  the  branches. 
Three-foot  lengths  of  rebar,  driven  flush  with  the  soil  surface,  were 
attached  to  the  longer  sections  of  rebar  to  anchor  the  mats.  Baling 
wire  also  was  interwoven  through  the  width  of  the  mat  in  four  places. 
Finally,  the  willow  mat  was  covered  with  sand  to  the  level  of  the  origi¬ 
nal  soil  surface . 

165.  The  third  planting  technique  evaluated  willow  fascines 
(bundled  cuttings)  for  bank  stabilization.  This  consisted  of  placing 
12-in. -diain  fascines  constructed  from  3-year-old  Salix  exigua  branches, 
in  trenches  10  ft  long  and  1  ft  wide.  Fascines  were  anchored  with 
three  live  willow  stakes  per  side  and  covered  with  sand  to  the  original 
soil  depth.  Fascines  were  located  1  ft  higher  on  the  sand  bank  than 
the  willow  mats.  All  treatments  (planting  methods)  were  replicated 
four  times. 

166.  The  vegetation  in  the  reed  rolls  survived  2  to  3  weeks,  but 
did  not  become  established.  Willow  mats  and  fascines  produced  some 
shoots,  but  these  either  did  not  emerge  or  subsequent  sand  deposition 
linriod  them.  At  tli<>  end  of  the  growitig  season,  no  shoots  were  present. 

167.  One  of  the  wattles  sprouted  and  survived  to  the  end  of  the 
experiment.  Salix  exigua  is  a  colonial  species,  but  no  colonial  growth 
from  the  wattles  was  observed  in  the  two  seasons  after  planting.  Aside 
from  the  burial  depth  of  the  fascines  and  mats,  wliich  probably  contrib¬ 
uted  to  their  failure,  the  sites  unflerwent  considerable  sand  deposition. 

Ib8.  The  second  willow  demon.st  rat  ion  was  established  in  May  1981, 
again  using  Salix  exigua.  A  trench  24  in,  deep  and  50  ft  long  was  dug 
parallel  to  and  just  insi<le  the  exclosure  fence,  which  was  constructed 
around  the  original  experiment.  Two-  to  three-year-old  rooted  branches 
that  were  48  in.  long  were  plant(’d  vertically  in  the  trench  at  1-ft  in¬ 
tervals.  The  branches  w<-re  anchored  by  weaving  tliem  into  4-in.  hogwi  re 
that  was  attaihed  to  fenceposts  driven  4  ft  into  the  soil.  Also,  four 
20-fl  Lreruhes,  24  in.  deep,  were-  dug  perpendicular  to  the  shore  and 
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planted  with  willow  branches  at  1-ft  intervals.  The  willow  cuttings 
were  anchored  with  hogwire  and  fenceposts  as  before.  Trenches  were 
filled  to  the  original  soil  depth;  thus,  2  ft  of  shoots  extended  above 
and  below  the  original  soil  surface.  The  shoots  were  also  above  the 
mean  gross  pool  level,  which  virtually  assured  that  the  shoots  would  not 
become  buried.  The  willows  in  this  experiment  survived  well.  The  fence 
row  had  86-percent  survival,  while  the  perpendicular  rows  had  a  mean 
survival  of  63  percent  (range;  45  to  90  percent).  None  of  the  shoots 
became  completely  covered,  although  sand  deposition  occurred. 

169.  The  plants  that  succumbed  in  the  rows  were  generally  the 
farthest  away  from  the  water.  Soil  moisture  was  present  and  apparently 
adequate  throughout  the  duration  of  the  project  at  those  elevations.  The 
cause  of  plant  death  is  undetermined,  as  is  the  cause  of  death  of  the 
five  plants  along  the  fence  row.  Vandals  took  6  percent  of  the  plants. 
The  t.'ihu  1  a  t  j  o;i  below  gives  a  summary  of  the  growth  performance  of  plant;; 
in  this  experiment  1  year  after  establishment. 


* *  ti**"  s,** 


Tr^  tme:^)  t 

Fence  row 
Row  1 
Row  2 
Row  3 
Row  4 


height  (cm)" 


(^yer  (cm  /pi  ant ) 

4,613 

2,192 

3,740 

2,922 

2,452 


V.i  I  U(“s  are  th<*  mciin  of  10  [ilaiits. 

170.  Little  significance  should  be  given  to  the  difference  in 
height  between  [)lants  in  the  feme  row  and  thost*  in  the  jje  rpend  i  cu  1  a  r 
lews  (rows  1  to  4)  since  sonu  erosion  octurred  along  the  fence  row  and 
depos  j  t  i  on  occni  red  amo/ig  rows  1  tht  ongh  4. 

17  1.  These  data  are  c(mn>arable  to  f'rst-year  or  early  second-ye.ir 
growth  data  tOr  other  willow  species  grown  at  the  <ontrul  pool.  Tliesi' 
p!. lilts  prodmed  colonial  shoots  hetweeu  the  rows.  These  appeared  in  the 
spring  of  the  second  year  ,ind  were  contineci  to  the  area  above  the'  high- 
w.iter  mark.  'She  lenec’-row  plants  d  i  cl  nc>l  appear  to  [irodme  any  c.  o  I  on  i  a  I 
shoots.  The  tallest  ol  the  colonial  shoots  reacheit  a  height  ol  70  cm 
.ind  liad  an  apprciximate  are.i  ol  800  caii^  by  .July  1082. 
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PART  IV:  DISCUSSION 


172.  Although  the  experinieiila  1  sites  are  located  in  a  seniiarid 
region  with  rainfall  of  10-12  in./yoar,  an  ample  supply  of  water  is 
available  due  to  the  proximity  of  Lake  Wallula.  However,  extended  draw¬ 
down  periods  coupled  with  low  rainfall,  especially  during  spring  and 
fall,  could  reduce  survival  of  tratisplants  and  reduce  growth.  Four-year 
results  of  this  study  do  not  indicate  this  to  be  the  situation. 

173.  Other  erivi  ronnien  t  .a  I  constraints  such  as  wave  action,  algal 
blooms,  ice  extraction,  and  wildlife  activity  tended  to  impact  the  trans¬ 
plants  more  than  drought  effects.  Shoreline  protection  from  these  in¬ 
fluences  will  be  a  critical  aspect  in  establishing  vegetation. 

17^.  Results  of  this  study  show  that  transplanted  woody  species 
will  tolerate  t  lu>  exper  inu'tit  a  I  shor<’line  sit<>s  better  than  the  trans¬ 
planted  herbaceous  sjiecies.  Above  the  maximum  pool  levels,  volunteer 
native  herbaceous  species  will  invade  denuded  shoreline  areas,  espe¬ 
cially  sandy  sites,  if  both  foot  and  vtdiicle  traffic  are  prevented. 

17,1.  Woody  transplants  in  the  drawdown  zones  should  l>e  of  suffi¬ 
cient  height  to  withstand  surface  (>rosion,  wave:  and  upland  runoff,  depo¬ 
sition,  and  floodwater  depths.  Vegetated  aerial  portions  should  be 
abov<;‘  niaxinium  water  depths  in  order  to  ensure  maintenance  of  physiolog¬ 
ical  process('s  within  the  plant.  Furthermore,  woody  sjx'cies  should  be 
planted  upright  (vertical)  in  preference  to  horizontal  (wattling). 

Again,  this  is  to  ensure  that  vegetated  portions  of  the  plant  are  above 
maximum  flood  depths  and  sand  deposition. 

17b.  Table  20  lists  those  herbaceous  spreit's  suitable  for  shore¬ 
line  t  ransf)  I  ant  i  ng .  Only  4  of  the  19  testeil  herbaceous  species  were 
found  to  be  unsuitable.  Oenerally,  most  herbaceous  species  exhibited 
reduced  survival,  height,  and  cover  with  itureasing  flood-jiool  depth  and 
flood  duration  at  the  impoundment  site.  Only  C.  aperta,  C.  rostrata, 

C.  obmipta,  and  £.  coloradoensis  maintained  sufficient  height,  survival, 
and  cover  in  the  deepest  water  zone  (3  to  4.,')  It).  Table  20  cai.  he  used 
as  a  reference  for  seleiling  herbaceous  species  suitabli’  for  various 
i  nundat  i on  depths . 
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Table  20 

Siii tahility  of  Tested  Herbaceous  Plants  for  Zones  Located 
Just  Above  to  4.5  ft  Below  the  High-Water  Line 


of  Reservoirs  with 
Central  Orego 1 1 

Sui tab  1 
3  to 

_  Herbaceous  S^ecie.s  4.5  ft 

Carex  aperta  X 

Car  ex  lyiigbyei 

Carex  nebraskensis 

Carex  rostra ta  X 

Carex  obiiupta  X 

Careji  sheldonii 

Carex  vulpinoidea 

Deschampsia  caespitosa 

Eleocharis  coloradoensis  X 

Eleocharis  ovata 

Eleocharis  palustris 

Juncus  balticus 

Jiuicus  effusus 

Polygonum  persicaria 

Sagittaria  latifolia 

Scirpus  americanus 

Scirpus  validus 

Tri folium  wormskjoldii 

Typha  latifolia 


Fi  uctuat  ion  , 
and  Washingt on 

; _ f or  Water  Depth  o f : 

.5  to  0  to 

3  ft  1.5  ft  Upland  Not  Suitable 
X 

X 

X 

X  X 

X  X 

X 

X  X 

XXX 
X  X 

X 

X  X 

X  X 

X  X 

X 

X  X 

X  X 

X  X 

X 


X 


177.  Table  2  1  list.s  woody  test  species  and  their  sin  lability  to 
several  inundation  zones.  Only  two  Salix  species  are  suitable  for  all 
flood  depth.s.  As  discussed  above,  transplants  should  be  of  sufficient 
.size  lo  have  vegetated  portions  above  the  water  surface  at  all  times. 
For  exanijile,  S.  fragilis  transplants  should  be  approximately  6-7  ft 
lon>'  if  planlecl  in  3-  lo  A.b-ft  flood  zones. 

Table  21 

Suitability  of  Tested  Woody  Plants  for  Zones  Located 
lust  Above  lo  4.3  ft  Be' low  Uie  High-Water  Line 
of  Reservoirs  with  Daily  F  iiictuat  i  ons  , 

Central  (^regon  a_nd  Washjngton 


Woody  Spec  ies 

Su i labl 
3  to 

4.3  ft 

e  for  Wa  t  r  Dep  t  h 
1.  .3  to  0  to 

.3  ft  I  .  .3  ft 

^f^ _ 

(^1  and 

Cornus  stolonifera 

X 

X 

E 1  aeagnu.'^i  aiigust  i  f  ol  ia 

X 

Woru.'i  alba 

X 

X 

Ribes  aureum 

Robinla  pseudoacacia 

X 

Rosa  multi  flora 

X 

X 

Salix  fragilis 

X 

X  X 

X 

Salix  las iandra 

X  X 

X 

Salix  purpurea 

X 

X  X 

X 

Sainlnicus  cerulea 

Not  Suitable 


X 


X 


PART  V :  SUMMARY 


178.  Beginning  in  June  1979  and  ending  in  July  1982,  experiments 
were  conducted  to  determine  the  suitability  of  29  native  and  naturalized 
riparian  species  for  use  in  reservoir  shoreline  revegetation  projects  on 
the  Columbia  and  Snake  Rivers  in  Oregon  and  Washington.  One  experiment 
was  established  in  a  subimpoundment  in  which  water  fluctuations  were  con¬ 
trolled  by  the  investigators,  and  two  experiments  were  conducted  on  natu¬ 
ral  shoreline  sites:  one  on  a  mudflat  site  and  the  other  on  a  sand 
beach  site.  Water  fluctuations  on  the  shoreline  sites  varied  according 
to  the  dictates  of  power,  navigational,  and  fisheries  needs. 

179.  The  impact  of  weather  and  wildlife  confounded  treatment 
(flooding)  effects  on  plant  growth  and  survival  on  the  shoreline  sites. 
The  only  species  that  survived  on  shoreline  sites  for  four  growing  sea¬ 
sons  was  softstem  bulrush  (Scirpus  validus).  Plant  performance  was  much 
better  in  the  control  impoundment,  where  the  effects  of  wave  energy,  pro¬ 
longed  periods  of  inundation,  weatht'r,  and  wildlife  were  minimized.  In 
the  control  impoundment,  where  the  water  fluctuated  regularly,  the  most 
successful  species  were  willows  (Salix  fragilis  and  S.  purpurea  var. 
nana),  dwarf  spikerush  (Eleocharis  coloradoensis) ,  and  two  sedges  (Carex 
obnupta  and  C.  rostrata) .  Inundation  depth  and  duration,  which  were 
directly  proportional  in  this  study,  had  a  marked  effect  on  the  perfor¬ 
mance  of  other  species. 

180.  These  experiments  identified  several  species  that  are  suit¬ 
able  for  shoreline  revegetation  of  the  drawdown  zones  of  Lake  Wallula. 
Forces  other  than  inundation  that  limit  plant  establishment  in  reser¬ 
voirs  also  were  identified,  but  further  research  in  tliese  areas  is 
needed.  The  information  gathered  in  this  study,  while  directly  appli¬ 
cable  to  revegetation  at  Lake  Wallula,  may  be  extended  in  general  to 
other  power  production  reservoirs  along  the  central  Columhia  River  Basin 
and  the  Snake  River. 
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APPENDIX  A:  SCIENTIFIC  AND  COMMON  PLANT  NAMES  USED  IN  TEXT 


_ Scientific  Name _ 

Ambrosia  spp, 

Artemesia  tridentata 
Atriplex  spinosa 
Bromus  tectorum 
Carex  aperta 
Carex  lyngbyei 
Carex  nebraskensis 
Carex  obnupta 
Carex  rostrata 
Carex  sheldonii 
Carex  vulpinoidea 
Centaurea  spp . 
Chrysothainnus  spp . 

Conyza  canadensis 
Cornus  stolonifera 
Cyperus  esculentus 
Deschampsia  caespitosa 
Elaeagrnus  angusti folia 
Eleocbaris  coloradoensis 
Eleocharis  ovata 
Eleocbaris  palustris 
Eleocharis  parvula 
Epilobium  spp. 

Festuca  spp. 

Gratiola  spp. 

J uncus  balticus 
Juncus  effusus 
Lycopsis  spp. 

Melilotus  alba 
Morus  alba 


(Cont  i nned ) 


Common  Name 
ragweed 
big  sagebrush 
spiny  hopsage 
cheatgrass 
Columbia  sedge 
Lyngbye's  sedge 
sedge 

slough  sedge 
beaked  sedge 
sedge 
sedge 

star  thistle 
bitterbrush 
horseweed 
red-osier  dogwood 
nut  grass 
tufted  hairgrass 
Russian  olive 
dwarf  spikerush 
spi kerush 

creeping  spikerush 
spi kerush 
wi i lowweed 
f  escue 

hedge  hyssop 
baltic  rush 
soft  rush 
bugloss 

white  sweetclover 
white  mulberry 
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_ Scientific  Name _ 

Oenothera  spp. 

Panicum  capillare 
Phalaris  spp. 

Poa  annua 
Poa  pratensis 
Polygonum  persicaria 
Populus  deltoides 
Populus  trichocarpa 
Portulaca  spp. 

Purshia  tridentata 
Ribes  aureum 
Robinia  pseudoacacia 
Rosa  multiflora 
Rumex  crispus 
Sagittaria  lati folia 
Salix  exigua 
Salix  fragilis 
Salix  lasiandra 
Salix  purpurea  var.  nana 
Salsola  kali 
Sambucus  cerulea 
Scirpus  americanus 
Scirpus  validus 
Setaria  glauca 
Solanuin  dulcamara 
Solidago  occidental  is 
Trifolium  wormskjoldii 
Typha  lati folia 
Verbascum  thapsus 
Verbena  bracteata 
Veronica  spp. 

Xanthium  spp. 


_ Common  Name _ 

four  o'clock 
panic  grass 
canary  grass 
blue  grass 
Kentucky  bluegrass 
smartweed 

eastern  cottonwood 

black  cottonwood 

portulaca 

bitterbrush 

golden  currant 

black  locust 

multi  flora  rose 

curly  dock 

duck  potato 

slender  willow 

crack  willow 

yel low  wi 1  low 

purple  osier  willow 

Russian  thistle 

blue  elderberry 

sword  grass 

softstem  bulrush 

foxtail  grass 

nightshade? 

goldenrod 

cl  over 

cattail 

woo  1 y  mullein 

verbena 

speedwel 1 

cock  1 ebur 
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